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PART III. 

EXPERIMENTS TENDING to ASCERTAIN Tfffe CON¬ 
STITUENT PRINCIPLES OF NITROUS AIR. 


AS the circumftances in which any kind of air is 
decompofed tend to difcover its compofition, I 
Ihall under this head recite all the oblcrvations 
I have made of this kind. 

SECTION I. 

Of the Diminution of nitrous Air by Jlanding in 
Water. 

T) EING defirous of afcertaining whether nitrous 
-U air tended, in any degree, to a fpontaneous 
decompofition by long (landing only, without be- 
m g in contact with any fubftance that could be 
fuppofed to have an affinity with any condiment 
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part of it, I filled a large phial with this air, and 
corked it very-tight, keeping it for the moft part 
with its mouth immerfed in a veffel of water, but 
afterwards negle&ed it, and fuffered the water to 
evaporate. However, examining this air after 
about -two years, I found that it had the fame power 
of diminifhing common, air that frefh-made nitrous 
air has. It was alfo not more eafily decompofed 
by agitation in water ; and I would obferve in this 
place, that I have found great differences in the 
readinefs with which nitrous air is diminifhed, and 
reduced to the *ftate of phlogifticated air, by agi¬ 
tation in water, or by fimply {landing expofed to 
a confiderable furface of water; a difference de¬ 
pending on the water , and the impregnations of it; 
but I have not given fo much attention to thefe 
circumftances as to have difcovered die caufe of 
them. 

I have obferved that if nitrous air be agitated in 
an open trough of water prefently after it is made, 
or indeed after it has been, kept fome weeks, it 
will be reduced to a very fmall quantity, perhaps 
one twentieth of its original bulk; and it will then 
be wholefome air. But I find that if it be kept 
a very long time , its conflituent principles, as we 
may fay, acquire a much firmer confiftence, and 
that then a remarkably greater proportion of it be¬ 
comes firft phlogifticated air, and then, by agita¬ 
tion in water, wholefome air. 
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I once obferved the changes produced in two 
quarts of nitrous air, one from iron, and the other 
from copper , made in November, 1773. On re¬ 
moving from Wiltfhire to Birmingham, I thought 
proper to put an end to this procefs, when I found 
no farther change in the bulk of thefe two quan¬ 
tities of air ; that which had been produced from 
iron ftill occupying two thirds of its original dimen- 
fions, and that from copper one half. I agitated 
in water a portion of each of thefe quantities of 
air, without producing any change in their bulk; 
but they were both confiderably improved by it, 
fo that when mixed with equal quantities of frefh 
nitrous air, the meafures of the teft were 1.75. 

This I confider as a pretty remarkable obferva- 
tion, as it exhibits a change in the conftitution of 
a body depending upon time only, and which it is • 
not yet in our power to produce by any other 
agent or inftrument. 

Both nitrous x and inflammable air contain phlo- 
gifton, and, as will be feen in its proper place, 
they probably contain nearly equal quantities in 
equal bulks; but as their properties are remark¬ 
ably different, their conftitution mull be different 
alfo; the phlogifton which enters into the com- 
pofition of them both being combined in them in 
a very different manner. In fome cafes nitrous 
air parts with its phlogifton more readily than in- 
B 2 ' flammable 
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flammable air, but in other refpects inflammable 
air is the more eafily decompofed of the two. 
The phlogifton of nitrous air immediately quits 
it on the contact of common air, when it is even 
quite cold, whereas the phlogifton of inflamma¬ 
ble air will not leave it to join the common air 
except when it is very hot j but it will be feen that 
inflammable air parts with its phlogifton to the 
glafs of lead in the compofition of flint glafs in 
circumftances in which nitrous air undergoes no 
change whatever. I kept a quantity of nitrons 
air in a tube of flint glafs, hermetically fealed, 
buried in hot fand, but not fufficient to melt the 
glafs, twenty days without any fenfible change in 
the bulk or quality of the air. In the upper part 
of one tube filled in this manner there was fome- 
thing like fmall cryftallizations, but they might 
poflibly come from a fmall quantity of the quick- 
filver accidentally left in the tube. But whether 
nitrous air will be decompofed by quickfilver in 
this ftate of heat and confinement I did not try. In¬ 
deed I did not examine whether what I faw were 
properly cryftallizations, or not. 

I kept both nitrous air and inflammable air 
very hot in cotitatf: with quickfilver with liberty 
to expand, and did not find that either of them 
underwent any change. A quantity of nitrous air 
I expofed feveral hours for three days to a degree 

of 
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of heat which kept the quickfilver in a flate of 
vapour, the fii'ft and fecond days to the lame quick¬ 
filver, and the third day to frefh quickfilver; but 
the dimenfions of the air, and its property of af- 
fecfting common air, continued the fame. The 
procefs is defcribed in the Introduction. 

The addition of fleam of water to the nitrous 
air in this flate of heat and expanfion made no 
difference in the refult of the experiment, though 
they continued together upon quickfilver more 
than two hours. The fmall alteration that* I found 
in the nitrous air might be afcribed to its having 
been transferred from the trough of water to the 
bafon of quickfilver in a bladder. I varied the 
experiment by confining the nitrous air in a'glafs 
jar inverted in a pan of water, which I made to 
boil, in order that the hot fleam might pervade 
the whole mafs of the air, which it effe«5tually did, 
as it appeared by its having expelled a very great 
part of it. After the procefs, which continued 
about an hour, the nitrous air had loll nothing of 
its power of diminifhing common air. On the 
contrary, it feemed, to be rather improved than to 
have had its virtue impaired. 
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SECTION II. 

0 /“ Diminution of nitrous Air by Iron Filings 
and Sulphur 3 and by a Solution of green Vitriol 

T HE diminution of common air by a mix¬ 
ture of nitrous air, is not fo extraordinary as 
the diminution which nitrous air itfelf is fubjedt to 
from a mixture of iron filings and fulphur, made 
into a pafte with water. This mixture, as I have 
already obferved, diminifhes common air between 
one fifth and one fourth, but has no fuch effe6t 
upon any kind of air that has been diminifhed, 
and rendered noxious, by any other procefs j but 
when it' is put to a quantity of nitrous air, it 
diminifhes it fo much, that no more than one fourth 
of the original quantity will be left. 

The effedt of this procefs, is generally perceived 
in five or fix hours, about which time the vifible 
effervefcence of the mixture begins 3 and in a very 
Ihort time it advances fo rapidly, that in about an 
hour almoft the whole effedt will have taken place. 
If it be fuffered to Hand a day or two longer, die 
air will ftill be diminifned farther, but only a very 
little farther, in proportion to the firft diminution. 

The 
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The glafs jar, in which the air and this mixture 
have been confined, has generally been fo much 
heated in this procefs, that I have not been able to 
touch it. 

Nitrous air thus diminifhed has not fo ftrong a 
fmell as nitrous air itfelf, but fmells juft like com¬ 
mon air in which the fame mixture has flood; and 
it is not capable of being diminifhed any farther, by 
a frefh mixture of iron and brimftone. 

Common air faturated with nitrous air is alfo 
no farther diminifhed by this mixture of iron filings 
and fulphur, though the mixture ferments with 
great heat, and fwells very much in it. 

To the experiments upon iron filings and ful¬ 
phur in nitrous air, I muft add, that when a pot 
full of this mixture had abforbed as much as it 
could of a jar of nitrous air (which is about three 
fourths of die whole) I put frefh nitrous air to it, 
and it continued to abforb, till three or four jars 
full of it difappeared j but the abforption was ex¬ 
ceedingly flow at the laft. Alfo when I drew this 
pot through the water, and admitted frefh nitrous 
air to it, it abforbed another jar full, and then 
ceafed. But when I feraped off the outer fur- 
face of this mixture, which had been lo long ex- 
pofed to the nitrous air, the remainder abforbed 
more of the air. 

B 4 
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When I took the top of the mixture which I 
had fcraped off, and threw upon it the focus of a 
burning glafs, the air in which it was confined was 
dimmilhed, and became quite noxious; yet when 
.1 endeavoured to get air from this matter in a jar 
full of quickfilver, I was able to procure little or 
nothing. 

Nitrous air is as much diminifhed both by iron 
filings, and alfo by liver of fulphur, when con¬ 
fined in quickfilver, as when it is expoled to 
water. 

There is a remarkably quick ablorption of ni¬ 
trous air by a folution of green vitriol, the parti¬ 
culars of which are as follows. 

Having difiolved a quantity of green vitriol, 
and put it into a phial, with its mouth inverted 
in a bafon of the fame, and having admitted a 
quantity of nitrous air to it, I began to agitate the 
folution, in die fame manner as in the procefs for 
impregnating water with fixed air ; when I obferved 
that the nitrous air, in thefe circumftances, was 
abforbed much more readily than fixed air is by 
water, I even made a quantity of this folution 
abforb more than ten times its bulk of nitrous 
air, without any very fenfible approach to fatura- 
tion. This folution became black by this procefs f 
but when a fmall part of it was viewed by the 

light 
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light of a candle, placed beyond it, it looked red. 
The tafte of the folution was acid, owing, no 
doubt, to the mixture of nitrous acid, which it 
had acquired, in confequence of the decompofition 
of the nitrous air. 

When this impregnated folution was expofed to 
the open air, large green cryftals were formed at 
the bottom of the vefiel, and all the black colour 
intirely difappeared. But when thefe cryftals were 
formed at the bottom of a very tall vefiel, they 
were much blacker, and did not even become^reen 
on being expofed afterwards to the open air, any 
more than thofe which I expofed to nitrQus air itfelf 
on quickfilver. 

The changes of colour, and all the phenomena 
of the cryftals, were evidently owing to the fpirit 
of nitre contained in the nitrous air, and fet at 
liberty in its decompofition. For a few drops of 
the acid itfelf produced the fame effects, in all re- 
fpedts, on this folution. 

Conceiving that the principal of thefe phenomena 
muft have arifen from the affinity between nitrous 
acid and iron, I agitated nitrous air in a natural 
chalybeate water, when it prefently became of a 
browniffi colour, which feemed to be a confirma¬ 
tion of my fuppofition. 
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I alfo made another experiment in which the 
nitrous acid might fhow its affinity to iron in i 
manner fomewhat fimilar to this. I firft faturated 
a quantity of water with fixed air, then with iron, 
and afterwards impregnated it with nitrous air. 
The refult of this experiment was, that thefolution 
affumed a colour between green and yellow, but 
it did not abforb much more nitrous air than water 
unimpregnated with fixed air, or with iron, would 
have done. 

The nitrous air which I had hitherto made ufe 
of in thefe experiments was made from copper, 
but when I ufed that which was made from iron[ 
which is an. ingredient in green vitriol, the effed 
was not at all different. The folution of the vitriol 
abforbed this nitrous air with the fame rapidity as 
it ^ did that which was made from copper, and the 
fubfequent phenomena were alfo, in all refpeds, 
the fame. 

I then agitated nitrous air in folutions of blue 
and white vitriol, the former of which is known 
to be compofed of copper^ and the latter of zinc 
The refult was, that the - colour of both thefe folu¬ 
tions became prefently very dark, the former change 
mg into a deep green, and the latter into a kind 
of brown. Not more than between one half and 
one third of the air (which was about one fourth 
. 1 of 
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of the contents of the phial I made ufe of) was 
abforbed in either of thefe cafes, which is very far 
fhort of the effect of the folution of green vitriol on 
the fame kind of air. 

It made no difference whether the nitrous air 
was procured from iron or from copper, in any of 
thefe experiments. For the folution of green vitriol, 
as I have obferved, decompofed nitrous air made 
from iron juft as readily as that which was made 
from copper; and, on the other hahd, the folu- 
tions of blue and white vitriol were affe&ed in the 
very fame manner by nitrous air made from cop¬ 
per, as by that from iron. 

The folution of white vitriol depofited a white 
and ftocculent matter, and then was tranfparent 
like water; but, being impregnated with nitrous 
air, it prefendy became of as dark a colour as 
when it had been impregnated before that depofit 
was made. 

Spirit of nitre dropped into the folution of blue 
or white vitriol made little or no change in their 
colour. 

All the folutions of vitriol which had dieir colour 
changed by the impregnation of nitrous air reco¬ 
vered it again by expofure to the common air. 
This was evidently effe&ed by the efcape of that 
phlogifton, which had contributed to the deepnefs 
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of their colour. To afcertain this, I filled a phial 
about three fourths full of the folution of green 
vitriol, made black by the decompofition of nitrous 
air, and after about a week, examining the air which 
had been confined with it, I found it to be fo much 
phlogidicated, that one meafure of it and one of 
nitrous air occupied the fprace of i . g2 meafures. 

Upon the whole, it feems that the greater effedfc 
of the folution of green vitriol in decompofing 
nitrous air wnuft be owing to the dronger affinity 
between the fpirit of nitre and iron, than between 
the fame acid and copper or zinc. 

They feem to ffiow, however, that there is little, 
if any martial earth in nitrous air, at lead, that 
fuch earth exiding in nitrous air is not combined 
with phlogidon, or in a metallic date; fince this 
air is decompofed by the nitrous acid in it quitting 
the phlogidon with which it was already combined^ 
in order to unite itfelf to the iron in the folution, 
at the fame time that the phlogidon which enter¬ 
ed into the nitrous air contributes to blacken the 
folution. It will, perhaps, however be thought 
extraordinary, that the nitrous acid ffiould have a 
dronger affinity with iron than the vitriolic, which, 
on this hypothefis, it mud, in this particular cafe, have. 

This effedl of the folution of vitriol on nitrous 
air helps to explain a phenomenon, which I had 

oden 
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often obferved without underftanding it. When 
the water in my trough had got impregnated widi 
various metallic fubftances, that which was con¬ 
tiguous to the nitrous air, in jars Handing in it, 
would be of a darker colour than the reft -of the 
water. This muft have been in confequence of 
the affinity between the phlogifton in the nitrous 
air and the metallic matter diflolved in the water, 
by means of fome acid that happened to be mixed 
with it. At one time, when the water in my trough 
was particularly foul, and feemed difpofed to make 
a depofit, I impregnated part of it with nitrous air, 
and the water, by this means, prefently became of 
a darker colour than before. 

To determine whether the phenomena attend¬ 
ing the impregnation of the folution of green vi¬ 
triol with nitrous air depended, in any mealure, 
upon the feeming ajlringency of that iolution, and 
of chalybeate waters, I impregnated a quantity of 
green tea , which is <ilfo faid to be aftringent, with 
nitrous air, but no fenfible change of colour was 
produced in it. 

In my firft publications I mentioned a varie¬ 
ty of circumftances in which nitrous air is re¬ 
markably diminiffied, in feveral of which it pafles 
through a date in which a candle burns in it quite 
naturally, and fometimes with a much enlarged 

flame. 
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flame, and at laft becomes mere phlogifticated air. 
In all thefe procefles I took it for granted (not 
having examined the air except when it was com¬ 
pletely, or, at leaft, very nearly reduced to one of 
the two ftates above-mentioned) that the approxi¬ 
mation to its final ftate of phlogifticated air was 
equable, fo that as foon as it began to be diminifli- 
ed, it alfo began to lofe its power of affe&ing com¬ 
mon air. I find, however, that, with refpedt to 
feveral of the caufes of diminution, and perhaps all 
of them, the air pafles very fuddenly from the ftate 
in which it is perfett nitrous air, to the ftate above- 
mentioned ; but that the term at which this change 
takes place is various, as fometimes two thirds, 
and fometimes fourteen fifteenths of any quantity 
on which the experiment is made, will have dif- 
appeared before any fenfible change can be ob- 
ferved in the remainder. I have even fometimes 
been inclined to think that its power of affe&ing 
common air has been rather increafed than dimi- 
niffied at the beginning of thefe procefles. 

I imagine, therefore, that, as foon as either the 
nitrous principle, or the phlogifton which enters 
into the compofition of nitrous air, is feized upon 
by any fubftance which has a ftronger affinity with 
either of them than they have with each other, fo 
much of the other principle as was combined with 

it 
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it is precipitated, fo that the air which remains is 
not at all altered from what it was, at lead for a 
confiderable time. It will appear, however, that 
the flower the procefs is, the greater quantity of 
nitrous air will be preferved in the ftate of phlo- 
gifticated air, and the quicker the procefs, the 
farther it will proceed before this change takes 
place. 

I entertained the firft fufpicion of my~ having 
been miftaken in my former opinion when I was 
examining fome nitrous air in which I hadxon- 
fined a fowl, in order to preferve it as long as 
poflible from putrefaction. For though this air 
was greatly diminifhed in quantity, it affedted com¬ 
mon air quite as much as the belt nitrous air 1 
had ever tried. 

Being defirous of afcertaining this fa£t with ab- 
lolute certainty, with refpeCt to fome one caufe of 
the diminution of nitrous air, I placed a pot of 
iron filings and brimfione in a jar of nitrous air, and 
let it remain there a whole day, keeping it generally 
warm, near the fire, the ingredients not being good 
of their kind, and not difpofed to ferment. As 
the diminution proceeded,- I kept taking from it 
fmall portions of the air, by introducing into it 
a fmall jar full of water; which, being emptied 
within the jar, I withdrew, filled with the air from 
within it. Doing this occafionally, I obferved no 

change 
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change of the quality of the air when it was re¬ 
duced to one third of its original bulk, for it 
retained its full power of djminilhing common 
air. 

The next day I found it diminilhed to one 
fourth of the whole, and then a candle burned in 
it in a manner not to be diftinguilhed from the 
burning of a candle in common air. But it was 
not common air; for it was not at all diminilhed 
by frefh nitrous air, and it affe£ted common air 
fo litde, that one meafure of it and one of com¬ 
mon air occupied the fpace of 1.85 meafures. It 
had not acquired the peculiar property of fixed 
air, for it did not make lime water in the leaft de¬ 
gree turbid, and it bore confiderable agitation in 
water without being much diminilhed. 

The diminution of nitrous air by means of fpirit 
of nitre is effefted in the fame manner; and as 
this diminution was made more quickly, on this 
account, perhaps, it proceeded much farther before 
I could perceive any change in it. In one experi¬ 
ment of this kind, I thought the change took place 
when the air was diminilhed to one twelfth of the 
whole, but in another cafe there was no change till 
it was reduced to between one twelfth and an 
eighteenth part, when it was completely phlogilti- 
cated. In this mode of diminution I was not able 
to find it in that Hate in which a candle could burn 

in 
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m it. At another time when exadly one fifteenth of 
the whole remained, it affeded common air mani- 
feftly lefs than frefii nitrous air ; but here again, 
when only one eighteenth remained it had loft all its 
peculiar property. 

The diminution of nitrous air by the Jolution of 
gy een vitriol is effeded according to the fame rule. 
I decompofed nitrous air by expofing it to be ab- 
forbed by the folution of green vitriol till about one 
fourth of the original quantity remained, but it af- 
feded common air as much as it had done before 
any part of it was abforbed. 

Such, alfo, is the manner in which nitrous air is 
diminilhed in a bladder. Nitrous air reduced in this 
manner from ten ounce meafures to two and a half, 
was fo much altered, that one meafure of it and 
one of common air occupied the fpace of 1.75 mea¬ 
fures. It then extinguifhed a candle without any 
appearance of a blue flame. When a little more of 
it was abforbed by the fame procefs, I found the 
remainder all phlogifticated air, not affeding com¬ 
mon air in the leaft. Till the nitrous air was re¬ 
duced, in this manner, to very near one fourth, it 
continued unchanged. 

If, however, common air be mixed with nitrous 
air, by which means it becomes in part phlogifti¬ 
cated air, the fpirit of nitre will abforb the fuper- 
fluous nitrous air only, and conlequently leave the 
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remainder more diluted with phlogifticated air. I 
put a meafure and a half of common air to two mea- 
fures of nitrous air, fo that one meafure of this 
mixture and one of common air occupied the fpace 
of 1.36 meafures. I then put fome fpirit of nitre 
to the mixture, and when it had abforbed one third 
of it, one mealure of it and one of common air 
occupied the fpace of 1.8 meafures. 

I alfo introduced a piece of hot charcoal into a 
phial of nitrous air by which means one half of it 
was abforbed, and found that the remainder had not 
lolt its power of diminifhing common air in any 
fenfible degree. The abforption of all kinds of air 
by charcoal is a very capital difeovery of the Abbe 
Fontana, which he has been fo obliging as to give 
me leave to mention. 

When nitrous air has been kept a long time in 
water, it is known to be diminifhed, and in this cafe 
I fufpect that it lofes its virtue gradually, being im¬ 
paired from the ftrft. I have found, however, that 
by long keeping in petfe£tly ftagnant water, the 
furface of which was expofed to the atmofphere, and 
without any change, except to fupply the wafte by 
evaporation, it came to the ftate of phlogifticated 
air; but by what fteps in the procefs I omitted to 
obferve, having taken it for granted that this was 
always equable. 


On 
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On the nth of November 1773, I filled two 
quart bottles with frefh made nitrous air, one from 
iron, and the other from copper, and then fet them 
afide, with their necks immerfed in jars of water, 
and never agitated the air or the water in contact 
with it, only fupplying the jars with frefh water as 
I perceived it was wanted. On the 29th of Sep¬ 
tember 1778, I examined the ftate of thefe bottles 
of air, and found as follows. Of that which had 
been made from iron about one half was abforbed, 
and of that from the copper about a third ; but both 
of them were equally and perfe&ly phlogifiicated, 
making no effervefcence with common air, and ex- 
tinguifhing a candle. That which had been made 
from copper did not make lime water turbid, and 
the fame, I doubt not, would have been the cafe 
with the other, if it had been tried. I did this from 
a fufpicion, that, fince fixed air may be compofed 
from the nitrous acid, nitrous air, in feme of its 
changes, might, in part, aflame that form. I had 
not given much attention to thefe bottles of air, but 
I do not think they had been at all diminifhed the 
laft year, or the laft year and a half. 

Pyrophorus alfo decompofes nitrous air, and pre- 
fently reduces it to the ftate of phlogifiicated air. 
Having put a quantity of it into a glafs jar ftanding 
inverted in quickfilver, I introduced feme nitrous air 

it, when the pyrophorus became inftantly red 
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hot. What remained of the nitrous air had no ef- 
fe< 5 l on common air, and extinguifhed a candle. AH 
this change was effected at once. For though the 
nitrous air continued in the jar a day and two nights 
after it had been admitted to the pyrophorus, there 
was no farther change in its dimenlions. 

Since pyrophorus fires pretty much alike in nu 
trous and in dephlogifticated air, thefe two very 
different kinds of air muft contain fome common 


element; and this may be either water, or the aci- 
difying principle. It is moft probable that nitrous 
air contains both, though in a very different Hate 
of combination, and in different proportions than 
thole in which they exift in dephlogifticated air. 

The willow plant, as I fliall obferve, abforbs ni¬ 
trous air as well as every other kind of air. What 
wore the immediate ftates of it I did not note, but 
when the air was reduced to one tenth of its bulk, 
1 found it to be mere phlogifticated air. 

Nitrous air, as I have obferved, is prefently de- 
compofed by a folution of green vitriol in water, 
which, in confequence of'it, becomes of a very 
dark colour ; but becomes green again on being 
cxpofed to the open air. In this and many other 
properties, the effedfc is the fame as that of mixing 
a fmall quantity of fpirit of nitre with that folution. 
Having impregnated a quantity of the folution in 
this manner, I heated it in a glafs phial, and found 
„ that 
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that it gave out half its bulk of pure nitrous air, 
but when it had loft its dark colour, it gave no air 
at all by heat. 

I have afterwards oblerved this change of colour 
to be a criterion of the prefence of a very fmall quan¬ 
tity of the martial falts in water. When a very little 
of it has been accidently formed, in the courfe of 
my experiments, and mixed with the water in my 
trough, I have never failed to difcover it by the 
dark colour of die water in thofe jars which con¬ 
tained nitrous air. This change of colour mull, as 
I obferved before, have been produced by the phlo- 
gifton of the nitrous air, die nitrous acid having no 
fuch effe£t. This was alfo the cafe with a foludon 
of copper in nitrous acid; but the change was not 
from blue to a darker colour, but into green. 

I filled a jar, about an inch in diameter, and 
twelve inches long, with that folution of copper in 
fpirit of nitre which remains after making nitrous 
air, and which is of a beautiful blue colour. Then 
inverting it in a bafon of the fame, I introduced to 
it a quantity of nitrous air. After fome time I ob¬ 
ferved that the air was confiderably diminiihed, and 
that all the furface of the liquid in contact with the 
air, to the depth of about a quarter of an inch, was 
°f a beautiful green colour. This air kept dimi- 
m fhing fome' months, and the green colour of the 
folution extended two or three inches within the li- 
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quid. At laft there remained only two fevenths of 
the original quantity of air j and, examining it in 
that reduced ftate, I found it to be mere phlogifti- 
cated air. Had it been examined in the interme¬ 
diate ftate, it would, I doubt not, have been found 
to be of that kind of air in which a candle will burn. 
The experiment was begun on the 4th of Odober 
1779, an d the air was not examined till the 20th of 
July 1780. 


SECTION HI. 

Of the Diminution of nitrous Air by the eleftric Spark , 

T HE eledric fpark taken in nitrous air, dimi- 
nifties it to one fourth of its original quan¬ 
tity, which is about the quantity of its diminution 
by iron filings and fulphur, and alfo by liver of 
fulphur without heat. The air is alfo brought by 
eledricity to the fame ftate as it is by iron filings and 
fulphur, not diminilhing common air. If the 
„ ele&ric 
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eleClric fpark be taken in it when it is confined by 
water tinged with archil, it is prefently changed from 
blue to red, and that to a very great degree. 

This experiment I have frequently uepeated, in 
order to afcertain more particularly the quantity and 
quality of the refiduum. In one experiment I re¬ 
duced half an ounce meafure of nitrous air, in lefs 
than half an hour, to one quarter of its bulk ; but 
then one fourth of it was ftill nitrous, and the reft 
phlogifticated air. Receiving it in lime water, there 
feemed to be a flight precipitation; but this cir- 
cumftance will perhaps be explained in the following 
experiment. 

' I took the ele&ric fpark in a quantity of nitrous 
air till there remained no more than one third of 
it, and this was completely phlogifticated, not af¬ 
fecting common air at all, and extinguifliing a can¬ 
dle. A white matter was formed with the mercury 
over which the fpark was taken, which made the 
water admitted to it extremely turbid. At that 
time I fuppofed that this white fubftance was mer¬ 
curial nitre, confifting of nitrous acid from the de- 
compofed nitrous air and mercury. I fhall now 
examine it more particularly. Why there fhould 
be more than one third of this quantity of nitrous 
air left pure phlogifticated air, and not one fourth, 
as in the former experiment, I cannot tell. 

C 4 
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In another procefs I took the ele&ric fpark in a 
quantity of nitrous air, till it could be no more di- 
miniftied j when it was in proportion to its former 
bulk, as iol to 24. Letting it ftand all night up¬ 
on the mercury, it was increafed to the proportion 
°f 11* t0 2 4 > feemingly by the acid uniting to the 
mercuiy, and generating more nitrous air, fmce it 
had th^t fmell. No water appeared after the pro¬ 
cefs, and the water admitted to it acquired no acid 
tafte, but an aftringent one, like water impreg¬ 
nated with nitrous air. There was a white powder 
formed, as in the former experiments. 

Thinking to make water imbibe the acid from 
the nitrous air, decompofed in this procels, I took 
the electric Ipark in it with a frnall quantity of wa¬ 
ter over the mercury. But even this water did 
not acquire any acid tafte, but only an aftringent 
one. 

It remains to be afcertained on what principles 
the nitrous air is decompoled in this proceft. That 
it is not by means of the heat communicated to it, 
may, I think, be inferred from an experiment, in 
which I made a quantity of nitrous air pafs through 
a red hot tobacco pipe, without producing any 
change in it. Neither does it feem to be the light 
of the electric Ipark, fince I have heated pieces of 
crucibles in nitrous air by the fun beams, without 
pnaking any change in it, 
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Upon the whole, it may be moft probable that 
this change depends upon phlogifton , as it is fimilar 
to that which is made in nitrous air by the contact 
of iron, and efpecially by heating iron in this air. 
There is this difference, however, in the two pro- 
celfes; that in that with ele£lricity the refiduum is 
wholly phlogifticated air, and the intermediate ftate 
of dephlogifticated nitrous air is not found. At lead 
I have not obferved it. 

I afterwards repeated with particular care this ex¬ 
periment of decompofing nitrous air by the etedtric 
(park ; from which it appears that, in this procefs, 
though not in that of heating iron in it by the fun 
beams, fome acid is really depofited from the air. 
But it is fo little, that it may perhaps be fuppofed 
to have been contained in it, as an extraneous fub- 
ftance, not feparable from it by (landing in water. 
It is alfo to be obferved that, in this procefs, I was 
never able to produce any dephlogifticated nitrous 
air. Whenever the experiment was fufpended, the 
air was always found to be either nitrous or phlo¬ 
gifticated. 

In one experiment of this kind, to which I gave 
particular attention, an ounce meafure and a half of 
nitrous air was reduced to c.4 of a meafure by elec¬ 
tric explofions, taken in a veffel of mercury, with 
a little pure water on the furface of it; an iron wire 
introduced through the mercury, and into the air, 
being ufed for the purpofe of taking the explofion 
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at a proper diftance. After the greateft poffible 
diminution of the air I could perceive no change of 
colour in the water, but after a few hours ftandino- 
it had a purplifh colour, and after a day and nigh£ 
it was become of a deep red, and veiy turbid, evi¬ 
dently from the folution of the iron. The water 
was acid to the tafte, but in the flighteft degree ima¬ 
ginable ; and I could perceive by the fmell of it, 
that there was a little nitrous air ftill contained in it, 
though I could not perceive any rednefs on expof- 
mg the vefiel to the open air. A lighted candle 
being dipped into it, was immediately extinguilh- 

There was one circumftance which I cannot ea- 
fily account for in this procefs. After the diminu¬ 
tion of the air would proceed nq. farther, I obferved, as 
before, that, after fome time, there was an increafe of 
the quantity of it, viz. about one tenth of an ounce 
meafure; but after this the air was gradually con¬ 
tracted to its former dimenlions, without any far- 
ther ufe of electricity. 

I repeated this experiment with the fame quantity 
of nitrous air, and it was diminilhed in about the 
fame proportion as in the preceding. But examin¬ 
ing the water before it had been difcoloured by the 
folution of the iron, I could only perceive fome 
aftnngency in the tafte of it, though it reddened a 
COftfidcrable quantity of water tinged blue with the 
juice of turnfole. There was alfo ftill fomething 

nitrous 
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nitrous in the refiduum of this air. For being mix¬ 
ed in equal quantities with common air, the ftan- 
dard was about 1.8. It contained no dephlogifth* 
cated nitrous air, as it was not fenfibly diminilhed 
by agitation in water. 

Laftly, I nearly filled a phial, containing about fix 
ounce meafures of nitrous air, confined by quick- 
filver ; and taking the eledtric fpark within it, it 
was in about an hour diminilhed about one halfi 
but after that very little. The quickfilver was 
much corroded, and a candle went out in the 
remainder of the air. The diminution of common 
air by the eledtric fpark requires a good deal of 
time, but this procefs goes on very rapidly with ni¬ 
trous air. I repeated the experiment in a tube a 
quarter of an inch in diameter, receiving the fpark 
upon water tinged blue with the juice of turnfole ; 
and the diminution was fo quick, that the motion of 
the water up the tube was conftantly fenfible to 
the eye. The wkter was deeply and permanently 
red. 

As the eledtric fpark cannot be fuppofed to com- 
municate-fo much phlogifton, as the heating of iron 
by the fun beams, we may be better able by this 
procefs to afcertain the quantity of phlogifton con¬ 
tained in phlogifticated air; fince the refiduum pro¬ 
bably contains all the phlogifton belonging to die 
pitrous air from which it is made, and if we may 

calculate 
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calculate from the numbers in the former of thefe ex¬ 
periments, phlogifticated air muft contain about four 
times as much phlogifton as an equal bulk of ni¬ 
trous air ; or, as appears by my former experi- 
ments, almoft four times as much as inflammable air 
made from iron by oil of vitriol, or fteam, of which 
one half is probably phlogifton, and the other half 
water. 


SECTION IV. 

Of the nitrous Acid produced from nitrous Air , by a 
Decompofition with common , or dephlogijiicated Air, 

I N order to complete the analyfis of nitrous air, 
the nitrous acid which it is capable of forming 
by means of pure air, and which is a principal in¬ 
gredient in its compofition, ought to be more efpe- 
cially attended to; and it is not difficult, by means 
either of common or dephlogifticated air, fo to de- 
compofe it, as to colled almoft all the acid that it 
can affift in forming. And could we apply any 
certain meafure to afcertain tlie ftrength of this acid, 

wc 
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we might meafure it in this as well as in any other 
cafe. 

It is well known that when nitrous air is mixed 
with as much common air as it can completely phlo- 
gifticate, it is itfelf decompofed, and efpecially that 
the acid which it aflifts in forming, immediately ap¬ 
pears in the form of a red vapour, which is abforb- 
ed by water, if the decompofition be made over 
water, or imbibed by alkaline or metallic fubftances, 
if any fuch be at hand to unite with it. Now by 
providing a given quantity of water to imbibe this 
acid, formed by a known quantity of nitrous air, it 
will be eafy to afcertain the quantity of nitrous acid 
transferred to the water, by finding how much ni¬ 
trous air that acidulated water will yield, by the fo- 
lution of copper, or any other metal. In this man¬ 
ner, at leaft, die ftrength of the acid may be com¬ 
pared with the ftrength of any other nitrous acid in 
a fluid form. 

The apparatus for this experiment is very Ample, 
and very eafily applied. I firft provide a phial of 
a convenient fize and form for the impregnation of 
the water, which ought to be pretty large, in or¬ 
der to decompofe a confiderable quantity of nitrous 
air at one procefs j and having fitted a cork to it, I 
perforated the cork, fo as juft to admit the nozzle of 
a fmall funnel, when it is thruft in pretty hard. I 
then tie this cork in the mouth of a bladder large 

enough 
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enough to contain at leaft half as much air as the 
phial. But if I ufe dephlogifticated air inftead of 
common air, for the decompofition of the nitrous 
air, the bladder ought to contain about five times as 
much as the phial. 

If the procefs be made with common air, I con¬ 
vey into the bladder half as much nitrous air as 
the phial can contain ; and taking care to difpofe 
it fo that no water that may be in the bladder can 
get into the phial (which is not difficult to manage) 
I withdraw the funnel, and put the cork of the blad¬ 
der into the phial; then preffing the bladder a little 
at firft, in order to force a little of the nitrous air 
out of the bladder into the phial, the effervefcence 
immediately begins, and of courfe the diminution 
of the air in the phial ; the confequence of which 
is, a demand for more nitrous air from the bladder, 
to fupply the place of that which had difappeared. 
This again produces a ftronger effervefcence; and 
by this means, after the rednefs has begun to ap¬ 
pear in the phial, all the nitrous air will prefently 
be drawn out of the bladder, and be decompofed 
within the phial; and all the acid that it forms will 
be imbibed by the water in the phial, or by any 
other fubftance that may be placed there for the 
purpofe. 

Before I endeavoured to afcertain, by this means, 
the precife quantity of nitrous acid furnifhed by a 

given 
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given quantity of nitrous air, I was willing to try 
how ftrongly I could impregnate a quantity of wa¬ 
ter with the nitrous acid in this manner ; and I 
found that I could make four ounce meafures and a 
half of water receive all the acid that Could be 
fupplied by 300 ounce meafures of nitrous air ; and 
that then the water was become quite blue. But 
water impregnated with the nitrous acid vapour 
either in this manner, or from the folution of metals 
in ftrong nitrous acid, adheres to it very nightly, 
and can hardly be prevented from making its efcape. 
It is impoffible to pour water thus impregnated 
from one veflel to another, but the copious red 
fumes which ifiue from it, even when the water is 
quite colourlefs, (hew that it fuffers a great lofs of 
its acid. A quantity of the impregnated water which 
I got in this experiment, equal in bulk to a quantity 
of diftilled water weighing four penny weights, be¬ 
ing poured upon copper, yielded only one ounce mea- 
fure and a quarter of nitrous air. The fame quan¬ 
tity of the ftrong Ipirit of nitre made in the common 
way will yield twelve or fifteen ounce meafures. In 
order to make my principal experiment with more 
accuracy, I was taught by this to think it necefiary 
to provide fuch a quantity of water as would be but 
(lightly impregnated, that the lofs by evaporation 
might be the Jefs in proportion. 
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In order to compare the quantity of nitrous acid 
formed by a given quantity of nitrous air, with the 
quantity of acid contained in an equal bulk of red 
nitrous vapour procured by the folution of bifmuth, 
I faturated a quantity of water in the method de¬ 
ferred above, with as much of the acid as was con¬ 
tained in a pint phial of nitrous air; and having 
filled the fame phial with the red vapour, I put 
into it the fame quantity of water, to imbibe that 
vapour j and then pouring all the water impreg¬ 
nated with nitrous acid from the nitrous air, and af¬ 
terwards that which was impregnated by the nitrous 
vapour, upon equal quantities of copper, in a phial 
fitted with a ground ftopper, I colledted the ni¬ 
trous air that they yielded, and found them to be ex- 
adtly the fame ; and this was one feventh of the 
quantity of nitrous air by which the acid had been 
formed ; fo tint, provided there was no lofs of the 
acid in the procefs (and I am pretty well perfuaded 
that the lofs could not have been at all confiderable) 
it may be inferred from this experiment, that the 
nitrous acid which is detained in the Jalt made by 
the folution of copper, is, fix times as much as can 
be formed by the nitrous air procured by that fo¬ 
lution. 

In order to afeertain w r hat quantity of nitrous 
vapour I had got in the phiaL that was filled by 
means of the folution of bifmuth, I filled the phial 
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a fecond time in the fame manner, as nearly as I 
could determine (but this eftimate is attended with 
a good deal of uncertainty) and admitting water 
to it, I found that a little lefs than one half entered 
it; that proportion of its contents having been 
occupied by the nitrous vapour, and the remainder 
by the common air diffufed through it. Confe- 
quently, nitrous air does not form quite half fo 
much nitrous acid as the fame bulk of red nitrous 
vapour from the folution of bifmuth; fuppofing 
that as much red vapour was contained in the phial 
as can, at a medium, be thrown into it. Bur two 
phials will look almoft equally red, fo as hardly to be 
diftinguifhed by the eye, when one of them does not 
contain much more than half as much as the other. 

The faturation of water with nitrous acid from 
nitrous air, by means of dephlogifticated air, makes 
a pleating experiment, on account of the great 
quantity of nitrous air decompofed by this means 
at one procefs, the quicknefs with which the de- 
compotition is made, and the vifible effed of the 
fudden impregnation on the water. For the fur- 
face of it inftantly becomes, as it were, oily, de- 
fcending in waves from the top to the bottom of 
the water, while nitrous air iffues plentifully from 
the bottom and tides of the veflel j a moft remark¬ 
able phenomenon, of which a full account will be 
given in a proper place. 
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SECTION V. 

Of Water in nitrous Air . 

T HAT water enters into the compofition of 
nitrous air, is not improbable, becaufe it is 
procured in fo great abundance from pure water 
impregnated with phlogifticated nitrous vapour, 
and alfo from its not being procured from copper, 
and other metals, except in a very diluted folution 
of the nitrous acid. 

That water enters into the conftitution of every 
kind of air I alfo fuppofed, becaufe it certainly does 
into that of inflammable , fixed , and dephlogiflicated 
air. That nitrous air contains water, I have lately 
found from the iron that is heated in it becoming 
a proper finery cinder. 

I had found before, that iron heated in nitrous 
air acquired weight, and that what remained of 
the air was phlogifticated air. Having fince that 
time repeated this experiment, and afterwards heat¬ 
ed the iron, which was by this means increafed in 
weight, in inflammable air, the iron loft its addi¬ 
tional weight, and water was copioufly produced, 
as in the fame procefs with finery cinder, or, as I 
fometimes call it, fcale of iron, 
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As nitrous air may be deprived of its water, 
and become phlogifticated air by heating iron in it, 
I find that it undergoes the fame change by being 
repeatedly tranfmitted through hot porous earthen 
tubes, through which I fome time ago difcovered 
that vapour will pafs one way, while the air con¬ 
tiguous to the heated tube will pafs the other. 

I firft tried this procefs with turnings of iron in 
the tube, by which means the iron was readily 
converted into finery cinder; but afterwards I found 
that the fame change was produced in the nitrous 
air by the hot tube only. The two bladders which 
I made ufe of in this experiment (and by the al¬ 
ternate preflure of which I made the air contained 
in them pafs through the hot tube) became red± 
juft as any bladder does that is filled with nitrous 
air, and then expofed to the influence of the at- 
mofphere till it becomes phlogifticated air, as may 
be feen in my former experiments. In this man¬ 
ner I now always treat the bladders in which I 
make experiments on air. It prevents them from 
putrefying, and gives them a firmnefs of texture 
fimilar to tanning. 

That nitrous air contains water, and that this 
water can contribute to the formation of fixed air, 
is evident from the following experiment. I heat¬ 
ed five grains of charcoal of copper in eight ounce 
ttieafures of nitrous air, till it was increafed to ten 
D 2 ounce 
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ounce meafures, and the charcoal had loft one 
grain. Examining the air, I found about one 
fifth of it to be fixed air, and the remainder 
phlogifticated. It Teems, therefore, that nitrous 
air confifts of water, and fomething that may be 
called the bafis of nitrous acid, or that lubftance 
which, when united to dephlogifticated air, will 
make nitrous acid j and this feems to be pure 
phlogifton, fince it is found, as the preceding ex¬ 
periment Ihews, in the pureft inflammable air. 
May we not hence infer, that the nitrous is the 
fimpleft of all the acids, and perhaps the bafis of 
all the reft? 

It is evident, that more water than enters into 
the compofition of nitrous air is necefiary for the 
change of it into what I have called dephlogifticated 
nitrous air , becaufe the contaft of iron will not, 
without water, produce that change in it. 

Though fixed air, as I have fhewn, contains water 
as well as nitrous air, it cannot be deprived of it, 
and be decompofed, by the fame means; for I 
have heated iron in it by* a burning lens, and have 
alfo made it pafs repeatedly through a hot earthen 
tube containing turnings of iron, without producing 
any change in it. 

That nothing is necefiary to the formation of 
nitrous air befides phlogifticated nitrous acid and 
water, is evident from the produdion of it by the 

impreg- 
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impregnation of pure water with phlogifticated 
nitrous vapour, formed by the rapid folution of 
bifmuth j an experiment which I have mentioned 
before. However, to make it in a more unex¬ 
ceptionable manner, I interpofed a glafs vefiel be¬ 
tween that in which the folution was made, and 
that in which the water to be impregnated with 
the phlogifticated vapour was contained; that what¬ 
ever of the folution was diftilled over by the heat 
of the procefs (which evidently occafioned the drops 
ping of a blue liquor from the end of the-tube 
through which the vapour was delivered) might 
be prevented from reaching the water. In thefe 
circumftances, however, when nothing but the dry 
phlogifticated vapour could enter the water, it be¬ 
gan to fparkle, and yield nitrous air very copioufly, 
as foon as it had acquired a blue tinge from the 
impregnation. This is a very ftriking experiment 
to all perfons when they have feen it the firft 
time. 

Nitrous air is alfo produced by pouring a highly 
coloured, or phlogifticated, nitrous acid into pure 
water, in which no metal or earthy matter is any 
way concerned. 
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SECTION VI. 

Of the Dccompojition of nitrous Air by heating in it 
Iron or Charcoal 

N ITROUS air feems to contain more water 
than phlogifticated air. For when iron is 
heated it, which, by getting water in this procefs, 
becomes finery cinder, the nitrous air is converted 
into phlogifticated air, as will be feen more dif- 
tin&ly hereafter. Hot charpoal has a fimilar effett 
upon it. 

I dropped a piece of red hot charcoal into a 
phial of nitrous air, and immediately inverting it 
in a bafon of mercury, the air was prefently reduced 
to one fifth of the whole. Thus it continued two 
months, without any fenfible change; after which 
I found that the air that'remained unabforbed did 
not affedt common air, nor did the air that was 
emitted by the charcoal, when it was plunged in 
water; fo that, in both thefe cafes, the air feems 
to be intirely deprived of its peculiar properties, 
and to become mere phlogifticated air. 

Having heated iron in nitrous air, I proceeded 
to heat in the fame air a piece of charcoal , not 

long 
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long after it had been fubjefled to a ftrong heat 
covered with fand. The fun not Ihining imme¬ 
diately after the charcoal was introduced into the 
veffel of air (through the mercury, by which it 
was confined) part of the air was abforbedj but 
on heating the charcoal the quantity was foon in- 
creafed. Having continued the procefs as long as 
I thought necelfary, I examined the air, and found 
it to be about as much as the original quantity of 
nitrous air, but it was all phlogifticated air, ex- 
tinguilhing a Candle, and having no mixture of 
fixed air in it. At one time, when I dipped a 
lighted candle into it, I thought there was an ap¬ 
pearance of its containing fomething inflammable, 
but it was in the flighteft degree imaginable. 
There was, however, evidently fomething inflam¬ 
mable in the air expelled by water from this char¬ 
coal afterwards. 

When I heated charcoal of copper in nitrous air, 
there was a fmall addition to it, of perhaps a twen¬ 
tieth part j and being examined, it was found to 
contain two fevenths of its bulk of fixed air, and 
the reft was phlogifticated. This change in four 
ounce meafures of the air was produced by the loft 
of between one fourth and one half of a grain of 
the charcoal, and the copper was evidently revived. 

That fixed air ftiould be produced in this experi¬ 
ment, and not in the preceding, is rather extraor- 
D 4 dinary. 
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dinary. In this circumftance it refembles the ex¬ 
periment on the heating of charcoal of copper in 
dephlogifticated air. 

It is fomething remarkable that heating the Jcales 
of iron in nitrous air, has the fame effect as heating 
iron itfelf in it, but then much more time is requi¬ 
site to produce the fame effedt. 

I heated a quantity of fcales of iron in nitrous 
air till two ounce meafures and feven tenths were 
reduced to one ounce meafure and thirty five hun¬ 
dredth. parts, and then found it to be wholly phlo- 
gifticated air, extinguilbing a candle, and neither 
affecting common air, nor being affe&ed by frefh 
nitrous air. During the procefs the furface of the 
fcales on which the focus of the lens fell were af- 
fefted in a very peculiar manner, as if they were 
fuperficially melted, the parts being in a ftate re- 
fembling that of ebullition, which continued a long 
time on the fame fpot. No moifture was produced 
in the procefs, as is the cafe when thefe fcales are 
heated in inflammable air. . 

When I put the fcales which had been ufed in 
this experiment into diluted oil of vitrioi, it be¬ 
came white like milk, and very little air was pro¬ 
duced, even by means of heat. I got, however, a 
few bubbles; fo that with good management I 
could juft be fure that it was not fixed air, that it 
did not affed nitrous air, nor was affeded by it. 

SEC- 
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SECTION VII. 

Of volatile Alkali precured by Means of nitrous Air. 

H AVING, for the purpofe of producing a 
large quantity of that kind of nitrous air in 
which a candle burns with an enlarged, or with a 
yivid flame, filled a large jar with pieces of^iron 
wire, and having repeatedly poured upon them a 
diluted folution of copper in the nitrous acid, at 
length a thick incruftation was formed upon them; 
and having no occafion to make ufe of the jar 
for ieveral months, I took no notice of it till I 
found the jar was burft by the fwelling of that 
faline incruftation. 

The fubftance of this matter was generally red, 
being the calx of iron; but there was mixed with 
it a quantity of green mattery which, when broken 
had a ftrong fmeli of volatile alkali. I then doubt¬ 
ed whether this arofe from any of the materials I 
have mentioned, or from fomething elfe which had 
got into the jar, unknown to me. If rh e former 
were the cafe, which, however, at that time, I could 
hardly l'uppofe, I thought it to be not a little re¬ 
markable; but I have fince *had another oppor¬ 
tunity 
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tunityof obferving the fame fad; having examin- 
£ a ^ econd j ar filled witli iron wire, which had 
been treated in the fame manner, and found the 
fame ftrong fmell of volatile alkali. Alfo I now 
the Ids wonder at this Aft, which puzzled me fo 
nruch at the firft, as I find, in Mr . K e lr >s very 
valuable notes to his tranflation of Mr. Macquer’s 
chemical diffionary, that volatile alkali has been 
found in many earthy fubftances, and amongft 
others, in ruft of iron dtjlilled. 

It fhould feem that, in general, the calces of 
metals contain lefs phlogifton than the metals them- 
felvesi and for this reafon I was originally led to 
conclude, that nitrous air expofed to iron, which is 
evidendy turned to ruft, or a calx in it, had received 
phlogifton from the metal; and I therefore termed 
Lie nitrous air that had been fo treated phlopfticatei 
nitrous air. I now think it moft probable that this 
ruft of iron contains more phlogifton than the iron 
itfelf, and that the nitrous air, in which, after this 
pi ocefs, a candle burns better than in common air, 
is properly termed a dephlogifticated nitrous air 
having parted with its phlogifton to the iron 
Having found that iron which had long rufted 
in nitrous air,, gave out a ftrong fmell of & volatile. 
alkali, I afterwards repeatedly obferved the fame, 
and alfo feme other curious particulars relatino to 

tne experiment. ° 
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In all the cafes in which I had before obferved 
this fmell of volatile alkali, the iron had been ex- 
pofed to the nitrous air a very long time. But 
this effect is produced much fooner by putting the 
iron into a weak folution of copper in the nitrous 
acid, fuch as remains after making nitrous air, and 
fuch as I now commonly ufe in order to procure 
dephlogifticated nitrous air. A phial containing 
fome of this iron, which had been ufed not more 
than once for this laft mentioned purpofe, having 
been kept clofe corked about two months, was .acci¬ 
dentally broken; when fome pieces of the iron 
were found covered with a green ruft, and thefe 
had a ftrong fmell of volatile alkali. 

Time, however, is requifite to produce this ef- 
fed. I put fome of this iron (which was of the 
turnings) moift, from a folution of copper in the 
nitrous acid, into a phial; and Hopping it clofe, 
left it to Hand with its mouth immerfed in water. 
At that time it had no fmell, nor had it any a 
month afterwards; but examining it again after 
two months, the fmell of volatile alkali was pretty 
ftrong. 

Having, in an early period of my experiments, 
been much {truck with die change of nitrous air, 
in confequence of the contad of iron, I kept feve- 
ral large bottles filled with fmall pieces of iron, 
which I occafionally fupplied with nitrous air. 

The 
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The bottles fhould be ftrong ones, becatfe the iron 
in rafting fwells, and i? apt to break the phials, 
though I do not know that this ever happened 
except when the iron was quite dry. The con- 
fequence of expofing nitrous air in this manner 
had always been, in the firft pl ace) a diminution of 
fomething more than one third of the quantity of 
it, in which ftate a candle would burn in it with 
an enlarged flame; and when well walked in water 
it would be farther dimimfhed about one half when 
the remainder would be phlogifticated air. I had 
never obferved any increafe of air in thefe bottles, 
though fome of them had been ufed a longe time! 
But having neglected one of them about a yea! 
(though the mouth of it had always been kept 
immerfed in water) I cafually obferved, that bub- 
bles of air occafionally iflued from it. This fur- 
prized me very much, as I imagined it had not 
been half filled with air; and placing a vefiel to 
receive thefe bubbles, in about a week or ten days, 

I got about the quantity, of an ounce meafure. 
It contained no fixed air, but was all ftrongly j n ! 
flammable, and when I analized it, it appeared 
to be of that kind into which alkaline air is con- 
verted by hear. 

It feems as if the phlogifticated air which is 
ultimately produced in this procefs, had been de- 
compofed in thefe circumftances, fo as to form this 

inflam- 
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inflammable air, but on what principle this fhould 
take place, I cannot imagine. 

In order to make a companion between the 
inflammable air produced from this botde, and 
that which had been made from alkaline air, I ex¬ 
ploded equal meafures of each of them with equal 
quantities of the fame dephlogifticated air, the ftan- 
dard of which was 0.3. When I made the ex- 
plofion with the inflammable air from alkali, the 
firfl diminution was to 1.2, and with that from 
the bottle it was 1.1. Of the former refiduum the 
ftandard was 1.1 ; and of the latter 0.98. Neither 
of them contained any portion of fixed air. On 
the whole, the refemblance between thefe two kinds 
of air was fo great, and the difference between 
them fo fmall, that diey may be concluded to have 
had the fame origin, and the fame conftitution. 
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SECTION VIII. 

General Obfervations on the conjlituent Principles of 
nitrous Air. 

r | 'HERE is no kind of air, the conftituent 
A principles of which feemed to be more clear¬ 
ly afcertained than thofe of nitrous air, by thofe 
philofophers who admitted the do&rine of phlo- 
gifton. We took it for granted, that it confifted 
of nitrous acid and phlogifton. In an early period 
of my experiments I endeavoured to afcertain the 
quantity of acid contained in it. Mr. Kirwan has 
done the fame, and Mr. Cavendiih alfo has con¬ 
fined it as containing a very concentrated nitrous 
acid. I had no doubt on the fubjefl till I read 
the work of Mr. Metherie, who afierts that nitrous 
air contains no proper nitrous acid, but only one 
of the elements of it, the.other being dephlogifti- 
cated air, which had before been confidered by Mr 
Lavoilier as the principle of all acidity . 

Among other obfervations in fupport of his af- 
fertion Mr. Metherie has the following. Nitrous 
air burned together with inflammable air, produces 
no nitrous acid, p. 145. T hough nitrous air is obtained 

from 
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from a folution of mercury in nitrous acid, almoft all 
the acid is found in the folution, p. 146. Nitrous air 
abforbcd by marine acid, does not make aqua regia, 
p. 153. He is of opinion that a fmall portion of the ni¬ 
trous acid being decompofed, fumifhes a pure air, fo 
altered that, uniting with inflammable air, it changes 
it into nitrous air, p. 150. 

As to this hypothecs of Mr. Metherie, I can¬ 
not fay that I well underftand it; but, being (truck 
with his objervations , I began to review the experi¬ 
ments which I had formerly made on this kind of 
air, and could not recoiled any of them in \^hich 
it appeared that real nitrous acid was produced, 
except when nitrous air was combined with de- 
phlogifticated air, befides the experiment in which 
it was decompofed by the eledric fpark, which 
furniflies a ftrong objedion to this hypothefis. In 
every other view Mr. Metherie’s theory appeared 
lo me not improbable, and led me to make the 
following experiments, which though not decifively 
in favour of it, may deferve confideration. They 
will at leaft fhew that, if there be all the elements 
of nitrous acid in nitrous air, they muft, together 
with an additional portion of phlogifton, exifl: in 
the phlogifticated air that is formed in the pro- 
cefles. 

When nitrous air is decompofed by iron, or by a 
fixture of iron and fulphur, I have obferved that 

the 
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the water over which the procefs is made, acquires 
no acidity by it; but I had fuppofed that all the 
acid had been feized by the iron. Having by me 
a confiderable quantity of this iron, which had been 
reduced to a perfeft ruft in nitrous air, and which 
I knew mull have imbibed more than its weight 
of this air, I thought that I might get die acid out 
of it by diftillation, if it contained any. But a 
quantity of this ruft of iron, carefully diftilled m an 
earthen retort, yielded neither nitrous air, nor ni¬ 
trous acid, at leaft in any quantity that could favour 
the common hypothefis. For befides the air (of 
which an account will be given in its proper place) 
fome ounces of this ruft yielded only a few drops of 
liquor, which was not fenfibly acid to the tafte, and 
when poured into a litde water, tinged blue with 
the juice ofturnfole, barely turned it red. But lb 
flight a degree of acidity as this might have come 
(and I have no doubt did come) from the union 
of nitrous air with thofe bubbles of common air 
which could not be, excluded from the vefiels con¬ 
taining the iron, in the giany times in which I 
changed the air, when I fupplied them from time 
to dme with frefti nitrous airj fo that the great 
mafs of nitrous acid which ought to have been de- 
poftted in this iron muft have been concealed in 
the phiogifticated air, which is generally about 
one fourth of the original quantity of nitrous air. 

This 
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This brown ruft (become fo by expofure to the air, 
which it imbibes) became black by the expulfion 
of its air and water, and exactly refembled that iron 
ore which is found in the form of a black fand. 

I then endeavoured to decompofe nitrous air by 
heating iron in it with a burning lens ; and in this 
procefs I fucceeded much beyond my expectation. 
For the air was prefently diminifhed in quantity, 
while the iron became of a darker colour, was 
fometimes melted into balls, and gained confider- 
able weight. It had no appearance, however, of 
containing any nitrous acid, and yet water tinged 
with the juice of turnfole introduced into the velfel, 
and agitated in it after die procefs, never changed 
its colour. 

In the firft experiment the original quantity of ni¬ 
trous air was diminifhed to about one third, and 
after this it was increafed. But then I found that 
when I had got to the extreme of diminution, there 
began to be an addition made of inflammable air 
from the iron; for this was evidently fo. It was 
alfo obfervable that there was either fome pure air, 
or dephlogifticated nitrous air, in what remained of 
this procefs. For when a meafure of this refiduum 
was mixed with an equal meafure of common ni¬ 
trous air, they were reduced to 1*7. I fufpefr, 
however, that this was owing to a quantity of de- 
phlogifticated nitrous air being formed by this pro- 
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cels, as it is fimilar to the rafting of iron in nitrous 
air. 

In another procefs of this kind, I reduced fix 
ounce meafures of this air to three, and this was 
wholly phlogifticated air, extinguilhing a candle. 
I alfo heated iron in feven ounce meafures and a 
half of nitrous air, till, it was reduced to 3.7 mea¬ 
sures, when it appeared to be perfectly phlogifticated 
air. The iron had then gained two grains and a 
quarter in weight, and at this time I obferved that 
there was not the leaft appearance of moijiure pro¬ 
duced in the courie of the experiment. 

Then recollecting that, in my former experi¬ 
ments, Homberg’s pyrophorus had taken fire in 
nitrous air, I made a quantity of this fubftance, and 
repeated the experiment with the greateft care. 
But when nitrous air was decompofed by this means, 
I faw no reafon to think that any nitrous acid had 
been formed. In this procefs the nitrous air is rea¬ 
dily diminilhed to about one half of its bulk, after 
which nothing nitrous is found in it, but a portion 
of dephlogifticated nitrous air ; as appears by its 
being much more readily abforbed by agitation in 
water than nitrous air is. But neither the air, nor 
any thing that can be expelled from the pyrophorus, 
difeovers any fign of containing nitrous acid. 

Having laturated a quantity of pyrophorus with 
nitrous air in an earthen tube, which by this means 

became 
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became very Hot, I admitted water to it; and dii- 
tilling the pyrophorus with this water, the liquor 
that came from it would not change the colour of 
the juice of turnfole ; and the air which came af¬ 
terwards was of the fame kind with that which is 
always expelled from pyrophorus after it has been 
burned in the open air, viz. partly fixed air, and 
partly inflammable. 

I fliall juft mention fome farther particulars of 
another experiment of this kind, though it was made 
long before I had the views which led to thofe opw 
mentioned. Having faturated about two ounce 
meafures of Homberg’s pyrophorus with nitrous air. 
I obferved that it had imbibed about four times its bulk 
of the air. This pyrophorus was of a kind that did 
not burn readily in the nitrous air, or I believe in 
common air, without external warmth. Having 
withdrawn it from the nitrous air, it took fire again, 
but with more external heat. Then putting it into 
an earthen retort, I expelled from it ninety ounce 
meafures of air, a very fmall proportion of which 
was fixed air. The former portions of it extingiiifh- 
ed a candle, and were of the ftandard of 1.7, and 
the latter of 1.55, burning with a lambent blue 
flame. Three days after this, being taken out of 
the retort (the mouth of which had been all the time 
immerfed in mercury) a fmall part of it took fire. 
I obferved it then weighed 416 grains, and the next 
Corning it weighed 438 grains, 

E 2 
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There is fomething very remarkable in this fub- 
fiance burning equally well in two fuch very dif¬ 
ferent kinds- of air as nitrous and dephlogifti- 
cated. 

In my former experiments I found that the juice 
of turnfole became red by being impregnated witli 
nitrous air. I found, however, that this muft have 
been owing to fome extraneous acid that was mixed 
with it. For when I took nitrous air that had flood 
long in water, and transferred it into a veflel of 
mercury, I impregnated with it water tinged with 
the juice of turnfole, without producing any change 
in its colour. 

I have alfo obfcrved that alkaline air admitted to 
nitrous air, made a whitifh cloud in it. But this 
muft have been owing to the fame caufe ; the ni¬ 
trous air in that experiment having been probably 
frefh made. For in the nitrous air which had been 
long confined by water, the mixture of alkaline air, 
did not produce the lead cloud. I perceived, how¬ 
ever, that after the two kinds of air has been toge¬ 
ther a day or two, there was a fmall quantity of a 
very deeply tinged blue liquor in the fpace between 
the mercury and the glafs • which fhows that there 
was copper diffolved in the nitrous air, and that it 
continued there after the extraneous acid was fepa- 
rated from it. On this copper the volatile alkali 
had feized. 
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Notwithftanding thefe refults, when the eledtric 
fpark was taken in the very fame nitrous air, with 
which the preceding experiments were made, the 
juice of turnfole by which it was confined, prefently 
became red. This circumftance deferves to be 
examined with care, as it feems to be decifively in 
favour of the nitrous air containing all the neceffary 
elements of nitrous acid. 
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PART IV. 

OF DEPHLOGISTICATED nitrous air, 



SECTION I. 

Of the Difcovery of dephlogifticated nitrous Air, by. 
expofing Iron to nitrous Air . 

A S fixed air united to water dilfolves iron, I had 
the curiofity to try whether fixed air alone 
would do it j and as I then fiippofed nitrous air to 
be of an acid nature, as well as fixed air, I, at the 
fame time, expofed a large furface of iron to both 
the kinds; firft filling two eight ounce phials with 
nails, and then with quickfilver, and after that dis¬ 
placing the quickfilver in one of the phials by fixed 
air, and in the other by nitrous air j then inverting 
them, and leaving them with their mouths immerfed 
in bafons of quickfilver. 

In 
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In thefe circumftances the two phials ftood about 
two months, when no fenfible change at all was pro¬ 
duced in the fixed air, or in the iron which had been 
expofed to it, but a moft remarkable, and molt un¬ 
expected change was made in the nitrous air; and 
in puriuing the experiment, it was transformed into 
a fpecies of air, widi properties' wilich, at the time 
of my firft publication on this fubjeCt, I fhould not 
have hefitated to pronounce impofiible, viz. air in 
which a candle burns quite naturally and freely, and 
which is yet in die Higheft degree noxious to animals, 
infomuch that they die the moment they a*e put 
into it; whereas, in general, animals live widi little 
fenfible inconvenience in air in which candles have 
burned out. Such, however, is nitrous air, after it 
has been long expofed to a large furface of iron. 

It is not lefs extraordinary, that a ftill longer con¬ 
tinuance of nitrous air in thefe circumftances (but 
how long depends upon too many, and too minute 
circumftances to be afcertained with exadtnefs) makes 
it not only to admit a candle to burn in it, but en¬ 
ables it to burn with an enlarged flame, by another 
flame (extending every where to an equal diftance 
from that of die candle, and often plainly diftin- 
guifliable from it) adhering to it. Sometimes I 
have perceived the flame of the candle, in thefe cir¬ 
cumftances, to be twice as large as it is naturally, 
and fometimes not lefs than, five or fix times larger ; 
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*nd yet without any thing like an explofion , as in the 
firing of the weakeft inflammable air. 

^ or 1S *h e farther progrefs in the tranfmutation of 
nitrous air, in thefe circumftances, lefs remarkable, 
tor when it has been brought to the ftate'laft men¬ 
tioned, the agitation of it in frefh water almoft in- 
fiantly takes off that peculiar kind of inflammability, 
fo that it extinguiflies a candle, retaining its noxious 
quality. It alfo fometimes retains its power of di- 
minilhing common air in a very great degree. 

Nitrous air treated in the manner above mention¬ 
ed, is diminifhed about one fourth by Handing in 
quickfilver; and water admitted to it will abforb 
about half the remainder 5 but if water only, and 
no quickfilver, be ufed from the beginning, the ni¬ 
trous air will be diminiftied much fatter and farther ; 
fo that not more than one fourth, one fixth, or one 
tenth of the original quantity will remain. 

The water which has imbibed this nitrous air ex- 
pofed to iron is remarkably green, alfo the phial 
containing it becomes deeply, and, I believe, inde¬ 
libly tinged with green; and if the water be put into 
another vefiel, it prefently depofits a confiderable 
quantity of matter, which when dry appears to be 
the earth or ochre of iron. 

Inftead of ufing iron, I introduced a pot of liver 
of Julphur into a jar of nitrous air, and prefently 
found, that what I had before done by means of 
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iron in fix weeks, or two months, I could do by- 
liver of fulphur in lefs than twenty four hours, efpe- 
cially when the procefs was kept warm. 

When the procefs is in water with iron, the time 
in which the diminution is accomplifhed is exceed¬ 
ingly various j being fometimes completed in a few 
days, whereas at other times it has acquired a week 
or a fortnight. Some kinds of iron alfo produced 
this effe< 5 t much fooner than others, but on what 
circumftances this difference depends I do not 
know. 
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SECTION II. 

Of dephlogifticated nitrous Air, produced by the Solu- 
Hon of Metals in nitrous Acid. 

'T'HE folution of iron in fpirit of nitre is known 
A to produce nitrous air ; but when all the ni¬ 
trous air is produced in this manner, without foreign 
heat, if a candle be applied to the folution, more 
air will be procured; and this will be poflefied of 
the peculiar kind of inflammability mentioned in the 
preceding fedion. But I firfl: met with this air by 
diflolving iron in water, firfl: impregnated with vi¬ 
triolic acid air, and then with nitrous vapour, as 
will be mentioned in its proper place. The firfl 
produce of this folution was nitrous air j but apply¬ 
ing the flame of a candle, when no more air could 
be got without it, air was produced in which a can¬ 
dle burned with a natural flamfc. 

It was upon obferving this, that I tried the fame 
experiment after the termination of the common fo¬ 
lution of iron in fpirit of nitre; when, by this means 
1 get, by a dired pr'ocefs, fuch a kind of air as I 
had brought nitrous air to be by expofing it to iron 
or liver of fulphur; for on the firfl trial a candle 
1 burned 
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burned in it witli a much enlarged flame. At an¬ 
other time the application of a candle to air produced 
in this manner, was attended with a real, though 
not a loud explofion - y and immediately after this, a 
green ilh coloured flame defcended from the top to 
the bottom of the veflfel in which the air was con¬ 
tained. In the next produce of' air from the fame 
procefs the flame defcended Blue and very rapid, 
from the top to the bottom of the vefiel. 

When nitrous air is produced from iron, the qua¬ 
lity of it, I doubt not, is always the fame, though 
there is a cafe in which I do not wonder tharfome 
perfons have been deceived; having got plilogifti- 
cated air when they expected nitrous; not confider- 
ing, diat expofure to a large furface of iron decom- 
pofes nitrous air, as my former experiments Ihew; 
changing it at firft into a fpecies of air in which a can¬ 
dle will bum, and then into phlogifticated air. This 
procefs, however, required a conflderable time ; but 
the following experiment Ihews that this efifed may 
be produced very'foon. 

I filled an eight ounce phial with fmall nails, then 
with water, into which I put a very fmall quantity 
of nitrous acid, juft enough to make it produce air; 
and then fome was yielded in which a candle went 
put. Alfo this acid water poured off from the 
iron, gave a conflderable quantity of air, in die 

heat 
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heat of boiling water, and this was all phlogifti- 
cated air. 

Ufing more fpirit of nitre, I obferved, that, 
though the production of air was pretty copious, 
as was manifeft by the bubbles formed at the bot¬ 
tom of the phial, and riling to the top, there was 
no increafe of the whole quantity of air in the phial. 
Examining the air in this Hate of the procefs, I 
found that it had very little power of diminilhing 
common air, and that a candle burned in it with 
a vivid flame, which is the intermediate Hate of 
this air, before it becomes phlogillicated air. I 
imagine, therefore, that in all thefe cafes, a proper 
nitrous air is firft produced, and that it is afterwards, 
by means of the iron to which it is expofed, chang¬ 
ed into that fpecies of air in which a candle can 
burn, and laftly into phlogillicated air, which ex- 
tinguilhes a candle. 

1 have alfo procured this kind of air in a direct 
procefs by the folution of zinc and tin. 

I completely faturated a quantity of fpirit of 
nitre with zinc. This folution, while it was hot 
was fluid, but when it was cold jt rcfembled a 
whidlh jelly. Diftilling this, jelly to drynefs, in 
a glafs veflfel, and receiving the air that came from 
it in three parts, I obferved that the firft Was the 
common air in the phial, very little phlogillicated; 
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which fliews that, after the common folution of this 
metal, without additional heat, very little phlogif- 
ton remains in the folution. The fecond portion 
was twice as good as copnmon air, and the third 
was as pure as any that I had ever met with. 

At another time that I repeated this experiment, 
I received the air in more portions; but the gene¬ 
ral refult was the fame, except that between the 
phlogifticated and the pure air, there was a quan¬ 
tity of that kind of nitrous air in which a candle 
burns with an enlarged flame. That it was pre- 
cifely the fame kind of air that was procured by 
the diredt folution of zinc defcribed above was 
evident, becaufe after that vapour (which is always 
the caufe of this peculiar phenomenon) was walhed 
out of it, it neither affedted common air, nor was 
affedted by nitrous air j being the fame thing with 
that which I have termed pblogijlicated air , and 
which is alway the bafis of this peculiar kind of 
nitrous air. 

This remarkable fadt Teems to prove that this 
fpecies of air contains lefs phlogifton, in proportion 
to its bulk, than phlogifticated air, and confcquently 
that the vapour which is the caufe of this peculiar 
property, and which is readily imbibed by water, 
partakes chiefly of the nature of the nitrous acid. 
For, in all theie procefles, every produce of air has 
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lefs and Jefs phlogifton, till we came to the laft, 
which contains the lead poffible. Alfo this kind 
of air coming between the phlogifticated and the 
pure air feems to Ihew that, if that which confti- 
tutes the enlarged flame be phlogifton contained 
in the air itfelf (and indeed it can hardly admit of 
any other fuppofition) it muft be in a ftate not 
perfectly combined with that nitrous acid vapour. 
We lee alio that this diflufion of phlogifton, and 
the loofening of its connexion with the other con- 
ftituent parts of the air is that ftate of it which im¬ 
mediately precedes its total difappearing. For im¬ 
mediately after this kind of air, we find the next 
produce to have no phlogifton at all. 

Left this intervention of the dephlogifticated ni¬ 
trous air between the other kinds of air, and the 
pureft of all, fhould have been occafioned by fome 
accident, I carefully repeated the experiment, and 
found it in the fame place a fecond time. Having 
dilTolved a quantity of zinc in a quantity of one 
fourth fpirit of nitre and three fourths water, dif- 
tilling the lblution to drynefs, and receiving the 
produce in four portions, the firft was only the com¬ 
mon air expelled from the phial, and not fenfibly 
injured 5 the fecond was dephlogifticated nitrous air 
(as we may call that kind of nitrous air in which 
a candle burns with an enlarged flame) the third 
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was dephlogifticated air, about four times as pure 
as common air; and the fourth was as pure as any 
that I have ever examined. 

In order to afcertain the quantity of air produced 
by the folution of zinc in fpirit of nitre, in a more 
fatisfadtory manner than I had been able to do at 
firft, I fufpended a lump of zinc within the mouth 
of a large phial, in the bottom of which was a 
quantity of ftrong fpirit of nitre; and when I had 
placed them under the receiver of an air-pump, 
I carefully exhaufted the air, and then, by means 
of the apparatus for a collar of leathers, I let down 
the zinc into the acid. Immediately upon diis 
there was a moft prodigious effervefcence ; but, 
the veflel into which it was made being very large, 
no part of the fluid efcaped out of it. 

By this means I got a very confiderable quan¬ 
tity of air; and when I examined it, it appeared 
to be the very fame thing with nitrous air expofed 
to iron or liver of fulphur, and fuch as I had got 
in the lad-mentioned experiment by means of heat 
from die diredt folution of iron; and the great heat 
attending this effervefcence might anfwer the fame 
purpofe as the foreign heat of the candle in the 
cafe of the iron, viz. expelling the acid with more 
force, and throwing it into a date into which it 
was not ftridtly combined with phlogifton. 
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The air thus procured diminilhed common air 
about half as much as nitrous air would have done; 
owing, I fuppofe, to half of it being properly ni¬ 
trous air, and the remainder nitrous vapour uncom¬ 
bined with phlogifton, and diffufed through the 
nitrous air. One third of this air was readily ab- 
forbed by water, which is another circumftance in 
favour of its containing an acid vapour; and a 
candle burned in it with an enlarged dame, almofl: 
twice as large as its own proper flame, very vivid, 
and furrounded with another flame of a blue co¬ 
lour. With a very flight agitation in water, this 
air extinguished a candle; the water having, by this 
means, probably, abforbed the acid vapour that 
was diffufed through it. 

In order to afcertain the quantity as well as the 
quality of the air produced in this manner, I dif- 
folved four penny-weights of zinc in very ftrong 
Spirit of nitre, contained in a glafs phial with a 
ground ftopper, when I got about eight ounce 
meafures of air, which I took at twice; but neither 
part of this produce either affedted common air, 
or was affe&ed by nitrous air; and though part 
of it was abforbed by water, it did not make lime 
water turbid. Alfo no candle would burn in it. 
But I did not examine this air till about two hours 
after it was generated, when a considerable part of 
it was abforbed by water. Had I made a trial of 



• - f 

Sett'll. NITROUS AIR* 6$ 

it immediately after it was produced, and before 
any part of it had been abforbed by water, I make 
no doubt but a candle would have burned in it. 
For when I repeated the experiment, and tried both 
parts of the produce immediately, a candle burned 
with an enlarged flame in the former, and with a 
natural flame in the latter. 

At other times, however, I have got nothing of 
the peculiar kind of air above-mentioned, but only 
ftrong nitrous air from feemingly die fame pro- 
cefsj and I was not able to determine on what 
circumftances the different refults depended. I once 
thought that I had got this dephlogifticated nitrous 
air, when I ufed a very large quantity of lpirit of 
nitre, much more than was neceflary to diflolve 
the zinc, but at other times this expedient failed 
me. When I had taken the air at different times, 
I found the laft produce more nitrous than the firft. 
But I once divided the produce into five parts* 
and found all of them nearly equally, and all very 
ftrongly nitrous. 

It will be feen that in the folution of tin, which 
I find to contain very little phlogifton, this air is 
always produced, as will appear when I come to 
recite the phenomena attending the folution of this 
metal in the nitrous acid, among other metals that 
yield dephlogifticated air. 
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When, after all the uncertainty of the preceding 
trials, I ufed only a very weak fpirit of nitre in the 
folution of zinc (with a view to produce air in 
about the fame quantity as it had been yielded by 
means of the water impregnated firft with vitriolic 
add air and then with nitrous vapour) I got no 
other than this kind of air in which a candle burn¬ 
ed with an enlarged flame; and the air was of the 
very fame kind from the beginning to the end of 
the procefs. 

I obferved that when I had juft diflolved all the 
metals in fpirit of nitre, tin yielded nitrous air 
as well as the reft. But had I profecuted the 
experiment, I fhould have found that the proper 
nitrous air which it yields is in very fmall quantity, 
and that the greateft part of the produce is that kind 
of nitrous air in which a candle burns with an en¬ 
larged flame. This metal alfo yields no fixed air; 
but feveral of the circumftances attending this folu¬ 
tion, being pretty remarkable, and I having varied 
then pretty much, it may not be amifs to recite 
fbme of them. 

Tin did not difiolve fo as to yield air in ftrong 
fpirit of nitre, but was afte&ed by it in the manner 
that Mr. Macquer deferibes. With an equal quan¬ 
tity of water and fpirit of nitre, it diflolved with 
great violence, and five penny-weights fix grains 
yielded about fifteen ounce meafures of air, about 
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one fifth of which was abforbed by water, being 
the nitrous vapour, fo often mentioned above, dif- 
fufed through the air. Before this part was wafh- 
ed out, a candle burned in the air naturally; but 
when this part had been abforbed by the water, 
a candle went out in it. The former part of the 
produce, which was three fourths of the whole, was 
but flightly nitrous; for two meafures of common 
air and one of this occupied the fpace of two mea¬ 
fures and a half; and the laft part was proper 
phlogifticated air, neither affe&ing common air, 
nor being affe&ed by nitrous air. Had I taken 
the produce in fmall portions, the firft produce 
would, I doubt not, have been proper nitrous air, 
as I had firft found. I particularly obferved that 
no part of this air* though readily abforbed by 
water, made lime water turbid, fo that it contained 
no fixed air. 

After this, diftilling the refiduum to drynefs, in 
a glafs phial with a ground ftopper, I got about 
twelve ounce meafures of air, in four parts j of 
which a portion of each, and efpecially at the firft, 
was readily abforbed by water, but without making 
lime water turbid. When this ingredient was 
wafhed out, the air which had lodged within the 
phial was phlogifticated. Then the firft portion 
of the proper produce of the materials was com- 
F 2 mon 
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mon air, the fecond twice as good, and the remain- 
-ing portions were exceedingly pure. 

Putting more fpirit of nitre upon the refiduurn, 
I got only about twice its bulk of air, and part of 
this was fixed air ; and in all refpedts this procefs 
feemed to refemble that with flint. After this I 
weighed the refiduurn, and found it to be five penny- 
weights two grains. 

The phenomena attending the folution of tin 
being fo very remarkable, I repeated it feveral 
times, with a confiderable variation of circum- 
ftances; and the following appeared to me to be 
worth reciting. I diflolved a quantity of tin in a 
quantity of fpirit of nitre, diluted with an equal 
quantity of water; when the folution was at firft 
very flow, but afterwards very rapid. In the courfe 
of the procefs I feveral times took a fmall quantity 
of the air to lime water, but it was not made in 
the leaft degree turbid, though a fmall part of the 
air was abforbed by it. 

I received the whole produce in four parts, and 
found that the firfl: was fo far nitrous, that two 
meafures of common air and one of this occupied 
the fpace of two meafures and a half; the fecond 
was a little more nitrous; in the third the fame 
meafures occupied the fpace of two meafures and 
a .quarter; but in the lafl: the air was lefs nitrous 

the 


the fame mixture occupying the fpace of two mea- 
fures and three fourths. Towards the middle of 
the procefi, the air was very white, and continued 
fo a long time. N. B. In the firft of the portions 
° * ir f ove ' men tioned a candle burned very bright, 
an wit a crackling noile; in the fecond and third 
it burned with a large flame, and very filendy, a 
blue flame being very diltindtly perceived fiirround- 
ing the central white flame. The fourth extinguiflied 
a candle. 

When I could get no more air without addi¬ 
tional heat, I applied the flame of a Candle, and 
afterwards of two candles; and then took about 
half as much air as I had got before, in fix portions j 
of which the firfl was nitrous, in about the fame 
degree as the laft part of the former produce ; the 
fecond was fo much nitrous, that two meafures of 
common air and one of this occupied the lpace of 
two meafures and one fixth ; the third hardly af¬ 
fected common air at all; the fourth was twice as 
good as common air j and the fifth and fixth por¬ 
tions, which were four times the quantity of the 
preceding, were highly dephlogifticated. N. B. The 
third, fourth, and fifth portions were exceedingly tur¬ 
bid ; but the laft was quite clear, coming very flowly. 

In thefe two proceffes, with and without foreign 
heat, we fee a pretty regular gradation from the 
moft impure to the moft pure kind of air, 
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SECTION III. 

Of dephlogiJUcated nitrous Air produced in the ’Diminu¬ 
tion of nitrous Air by Iron Filings and Sulphur , 
and alj'o by Liver of Sulphur. 

T HE firft remarkable diminution of nitrous 
air that I obferved was occalioned by the 
fermentation of iron filings and fulphur, made into 
a pafte with water. This procefs is attended with 
much heat, the diminution of the air is exceedingly 
rapid, and whenever I examined the air that re¬ 
mained, it always appeared to be fimply phlogifti- 
eated air, neither affe&ing common air, nor be¬ 
ing affe&ed by nitrous air, and extinguifhing a 
candle. And in this laft-mentioned property it 
differed from nitrous air diminifhed by iron only, 
or by liver of fulphur, in which a candle burned 
with an enlarged flame before it was agitated in 
water, I have fince, however, obferved that ni¬ 
trous air diminifhed by iron filings and fulphur 
does not really differ from that which is diminifhed 
by the other procefies; but that this procefs being 
made in a large quantity of water, either the fuper- 
fluous nitrous acid vapour, the fuperfluous phk>- 
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gifton, or both, were always abforbed before the 
experiment was made. This I difcovered by re¬ 
peating the proceft with more care and attention, 
in the following manner. 

Having introduced a pot of iron filings and ful- 
phur into a large jar of nitrous air, I examined the 
ftate of the air in all the ftages of its diminution, 
from the time that the fermentation began till it 
could be diminifhed no more by that procefs. In 
order to get a fmall quantity of the air, without 
moving the jar, or difturbing the apparatus con¬ 
tained in it, I fattened a fmall phial, or a piece of 
glafs tube, to the end of a ftiff wire; and filling it 
with water, I put it up into the velfel, with its 
mouth downwards; when, the water running out, 
it would neceflarily be filled with the air of the jar, 
which I could then with the fame eafe withdraw, 
and examine. 

Proceeding in this manner, I found that, in the 
laft ftage of the diminution of this air, and not 
before, a candle burned in it with an enlarged 
flame. This procefs, therefore, exadly refembles 
that with iron only or liver of fulphur, only that 
in this cafe the air muft be examined very foon, 
before the water can have had an opportunity to 
a & upon it. For when I tried part of the fame 
air the next morning (when, without any agitation, 
part of it had been abforbed by water) it extin- 
£ 4 guifhed 


OBSERVATIONS ON 


72 


Part IV. 


guifiied a candlehaving, in the mean time, be¬ 
come mere phlogifticated air. 

I transferred another quantity of nitrous air 
from quickfilver, in which the procefs was made, 
to lime water, but it did not make it in the leaft 
turbid. Indeed, but little of this air was abforb- 
ed by water, and a candle burned in it only naturally, 
without any enlargement of the flame. It had 
been diminifhed to about one third of its bulk in 
the quickfilver. 

I fhall now proceed to note other phenomena 
attending this procefs, which the philofophical reader 
will eafily perceive may be of great ufe in the 
analyfis of the fpecies of air, as well as help to ex¬ 
plain the procefs itfelf. In order to determine 
whether^ the acid, or phlogifton, of the nitrous air 
(for I then thought it contained both) had been 
feized upon in this procels, I made it over a quan¬ 
tity of very pure water thinking that, if it fhould 
acquire any acidity, it would Ihew that the phlo- 
gifton only had been feized ; but that if it fhould not 
have become acid, it would appear that the decom- 
pofltion had been effected by the acid vapour having 
been feized, and the phlogifton left. And the re- 
fult feems to determine this queftion in favour of 
the latter fuppofltion. For when the procefs was 
over, I examined the water with the greateft atten¬ 
tion, and found not the leaft appearance of acidity 
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in it. It did not even turn the juice of turnfole 
red. 

In the experiment above recited, concerning the 
diminution of nitrous air by iron filings and ful- 
phur over a quantity of pure water, I firft obferved 
a pretty large depofit of a brownilh kind of matter, 
from the water over which this procels had been 
made. If this be really the ochre of the iron em¬ 
ployed in it, it will fhew that the earth of the metal 
had been volatilized by the heat of the fermenta¬ 
tion. 

That liver of fulphur alfo decompofes nitrous air 
by feizing upon its acid vapour feems to be proved 
by the following experiment. I put fome pieces 
of liver of fulphur to two quantities of nitrous air 
confined by quickfilver, and I obferved that, in 
about ten hours, between one third and one half of 
the air in each of them was abforbed. The next 
day I admitted water to one of them, but no part 
of the air was abforbed, and after it had palled 
feveral times through water, a candle burned in it 
with an enlarged flame, crackling very much. Alfo 
a candle burned in the very fame manner in the air 
contained in the other veflfel, which I had not made 
to pafs through water. 

The water over which the decompofition is made 
does not acquire the leaf! acidity, not even difcover- 
able by the juice of turnfole. In this cafe, alfo,. 

there 
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there was an earthy precipitate, exa<5Uy as in the 
procefs with the iron filings and fulphur. 

I had atone time fome fufpicion, that, as part of 
this land of air is readily abforbed by water, exafUy 
like fixed air, it might be, i„ part> rea , fixed air , 
and precipitate lime in lime water. But in the 
preceding experiments, as well as upon other oc- 
cafions, I particularly attended to this circum- 
ftance, without ever obferving it to have any fuch 
effect, 

I endeavoured to decompofe nicrous air by means 
of fulphur only; making ufe of a burning mirror 
and quickfilvci for that purpole, which, however 
is not an eafy operation. 

By this means, continuing the procefs a Ion® 
time, I made the fulphur not only melt, but alfo 
become very black, and fmoke very much in the 
nitrous air; and, in confequence of it, the air was 
confiderably diminilhed, and had loft its power of 
dimmilhing common air in fome degree. Had 
the operation been continued much longer, the di¬ 
minution would, no doubt, have been more com¬ 
plete, and the nitrous air have become nothing 
more than phlogifticated air, as in other fimilar 
procefies. That this diminution alfo was effe&ed 
by means of the abforption of the nitrous vapour was 
pretty evident, becaufe the mercury was not fenfibly 
aife&ed by it. For if that had been the cafe, there 

would 


St&.III. KITROUSAIR. 75 

Would have been an acceffion of more nitrous air 
from that folution. 

I have mentioned a cafe, in which nitrous air, 
after having been expofed to iron, became not only 
partially inflammable, admitting a candle to burn 
in it with an enlarged flame, but was even fired 
with an explofion, like inflammable air from metals 
by oil of vitriol. I have fince met with a more 
remarkable fa£t of the kind. 

At the latter end of September 1778, I had put 
a pot of iron filings and fulphur into a jar of ni¬ 
trous air, which, in the courfe of feveral days, was 
diminilhed by it in the ufual proportion. From 
that time till the beginning of December, it had 
continued without any change that I had perceived; 
but about that time, imagining it was increafed in 
bulk, I took exadt notice of the dimenfions of it, 
and prefently found that the quantity was certainly 
increafing. Upon the whole, I concluded that it 
had increafed about one fixth of its bulk, from the 
ftate of its greateft diminution. On the 1 ith of 
December I examined it, and found it to be proper 
inflammable air, being fired with many explofions 
when tried in the ufual manner, but they were not 
fo vigorous as thofe with frefli made inflammable 
air from iron and oil of vitriol. 

After this, on the 12th of December, I put a pot 
of iron filings and fulphur to another quantity of 
1 nitrous 
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nitrous air, and on the 4th of February following it 
increafed in bulk about one third, and then 
burned with explofions like the former. But a 
quantity of nitrous air expofed to the effluvium of 
iver o u p ur, the very fame time, never increaf- 
ed at all after the period of its utmoft diminution 
and was mere phlogifticated air. 


SECTION IV. 

Of dephlogifticated nitrous Air , procured by Iron , and 
a Solution of Copper, in nitrous Acid. 

FTER many trials, I fucceeded in a method 
^ of producing this air, when I expefted 
quite a different refult. As iron will precipitate 
copper from a folution of it in fpirit of nitre 
and I had obferved air to be generated in this pro* 
cefs ; I imagined that by putting iron into that f 0 ,' 
luuon of copper in fpirit of nitre, I fflould get more 

nitrous 
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nitrous air, and with lefs expence. But inftead of 
this, I procured what I fhould much more have 
wiflied for, viz. this new fpecies of nitrous air. But 
before I hit upon this, I fucceeded in the method of 
changing frefli nitrous air into this fpecies of it, in a 
remarkably Ihort fpace of time. 

Having at hand a phial filled with nails, which 
had often been employed in diminilhing nitrous air, 
I filled it up with a diluted folution of copper in fpirit 
of nitre, and left it all night. I then difplaced the 
liquor by nitrous air, and in about two hours the 
whole quantity was diminilhed one half, and a can¬ 
dle burned in the remainder with an enlarged flame. 

In this experiment I collected no air from the 
iron itfelf; but now, with the view that I have 
mentioned above, I filled the phial containing the 
nails with the folution of copper in fpirit of nitre, 
and inverting it, the next morning I found the phial 
full of air, and it was not proper nitrous air, as I 
had expefted, but that fpecies of it in which a can¬ 
dle burns. In this cafe it burned quite naturally, 
and without any enlarged flame. 

‘ The quantity of this peculiar fpecies of nitrous air 
that may be procured in this manner, and from the 
fame materials, viz. without changing either the 
iron or die folution of copper, is altonifliing. I 
made however, a pretty full trial of it, in ajar which 
• I had 
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I had thruft full of long pieces of iron wire, on pur- 
pofe to expofe as much of the furface of the iron 
as I poftibly could, to any kind of air that I Ihould 
afterwards put into it. This jar, which held about 
a pint and a half, I filled with the diluted folution 
of copper, and inverted it in a bafon of the fame 
folution; when, at the firft, the jar was quite filled 
with this air in a few hours. 

However, having got as much of this air as I 
wanted, I obferved that more air was ftill gene¬ 
rated ; and inverting the jar every day, after I had 
filled it with the fame folution of copper that had 
been expelled by the generated air the preceding 
day, it never failed to produce a jar full of that air 
every day for at leaft a fortnight, befides what 
efcaped towards the beginning of the procefs from 
the mouth of the jar, as foon as it was full, and 
which I never colle&ed. 

I had imagined that, in time, t;he quality of this 
air would change, but to the very laft it yielded air 
of the fame kind in which a candle burned, not only 
naturally, but in a very vivid manner. If, however, 

I fuffered the air to continue long in the jar, I al¬ 
ways found it to be phlogifticated air j which, in¬ 
deed, is the ftate to which this fpecies of air is al¬ 
ways reduced by long expofure in the fame circum- 
ftances in which it is generated ; the water either 

abforbing 
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abforbing the dephlogifticated vapour, as it may be 
called, or this vapour getting faturated with phlo- 
gifton. 

It was fomething remarkable, that a phial of 
nails which had often been ufed to diminifh nitrous 
air, when filled with water only, yielded phlogifti- 
cate air. I at firft filled this phial with inflamma¬ 
ble air, and had obferved a conftant addition to it. 
It required, however, the warmth of a fire, when 
the phial was filled with water, to make it produce 
any confiderable quantity of phlogifticated air. 
1 hefe nails had probably a quantity of nitrous vapour 
mixed with dieir ruft, which might continue to ad 
upon them; and this air, in its nafcent ftate, might 
be nitrous, but afterwards become phlogifticated, 
according to the ufual courfe of diis procefs. 

After I had written the above, I produced this 
kind of air much more readily than in the method 
there defcribed, viz. by applying heat to the vefiel 
in which it is produced. But I fhall firft obferve 
that, immediately after producing a quantity of this 
air, in the manner before direded, I filled the veflH 
up with water inftead of the lolution of copper ; and, 
in about two days, the veffel (which was a pliial, 
containing near a quart) produced about three 
ounce meafures of air, and it was phlogifticated air, 
extinguiftfing a candle. 


Then 
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Then, pouring out the water, I filled it again 
with the folution of copper, and put into a pan of 
water, which I heated till it boiled ; when, by means 
of a cork and bent glafs tube, &c. I received from 
it about a quart of air, the firft part of which was 
phlogifticated (owing perhaps to its having been in 
a date of yielding that air immediately before this 
procefs) but afterwards it was a proper dephlogifti- 
cated nitrous air, admitting a candle to burn in it 
quite naturally. 

My original procefs for procuring dephlogifticated 

nitrous air requiring much time, I now always pro¬ 
cure it by diflolving turnings of iron in a dilute fo¬ 
lution of copper in the nitrous acid (the fame that 
remains from making nitrous air) mixing with it 
again about an equal quantity of water. Without 
this precaution, though the iron will at firft be afted 
upon very fiowly, yet the mixture will at length 
grow fo hot, as aftually to boil, and the procefs will 
be exceedingly troublefome. It will be neceffary, 
however, previoufly to heat the folution of copper, 
in order to expel from it all fuperfluous nitrous acid 
though the keeping in it pieces of copper might an- 
fwer the fame purpofe. Without one or other of 
thefe precautions, part of the air procured by dif- 
folving iron in it will be proper nitrous air; but 
^ith this precaution, the whole of it will be fuch as 

nitrous 
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nitrous air is reduced to by expofing common ni¬ 
trous air to iron, that is, one third of it will gene- 
rally be abforbed by water, and the remainder will 
be proper phlogifticated air. 


SECTION y. 

Of the Separation of the pure dephlogifticated nitrous 
Air from the phlogifticated Air with which it was 
mixed, and the Properties of it, 

H AVING, in the manner mentioned above, 
procured a mixture of dephlogifticated nitrous 
air and phlogifticated air, the former will be ren¬ 
dered pure by agitating the mixture in water, which 
will imbibe it, and leave the phlogifticated part un- 
abforbed. 

A given quantity of water, I find, will take up 
about one half of its bulk of this dephlogifticated ni¬ 
trous air i and it does it almoft as readily as water 
imbibes fixed air. The water thus faturated with 
Vot - U, G the 
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the air muft be heated, and then the dephlogifti- 
cated nitrous air will be expelled pure, and may be 
received in vefiels containing mercury. I obferved, 
however, that as this kind of air much refembles 
fixed air, in its properties of being imbibed by wa¬ 
ter, and in being expelled from it again by heat, it 
does fo alfo in this farther property, that all 
the air which has been a&ually incorporated with the 
water, will not be imbibed by water again. But 
the proportion of this part is much greater in this 
kind of air thrfh in fixed '•air. For in this cafe I 
have found it to be as one to ten ; whereas in fixed 
air it is as about one to thirty or forty. This refi- 
duum being examined, was found to be air par¬ 
tially phlogifticated, the ftandard of it being about 
1.4, fo that a candle will juft burn in it ; but the 
quality of this refiduum is not always the fame. The 
refiduum of fixed air is generally much purer, viz. 
of the ftandard of 1.0. 

I obferved, that when water fully impregnated 
with this dephlogiftkated nitrous air is expofed to the 
atmofphere, it very foon parts with it, much fooner 
than water impregnated with fixed air. 

I mixed pure deplogifticated nitrous air with all the 
other kinds of air that I have made, but it did not 
unite with any of them ; and no fenfible change was 
made in it by any of them, or by any of them in it; 
except that dephlogifticated air was injured, being 
1 reduced 
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reduced from the ftandard of 0.3 to 0.8. But this 
Was, no doubt, by the addition of that part of this 
air which is not mifdble with water, and is con- 
fiderably phlogifticated. 

In this pure kind of dephlogifticated nitrous air a 
candle burned better than in common air, but not 
fo well as I have frequently known it to do, as .it is 
originally produced mixed with phlogifticated air ; 
which feems to fhew that forne change is made in it 
by being incorporated with water. When it was 
mixed with inflammable air, they were exploded to¬ 
gether with violence, very much like a mixture of 
inflammable and dephlogifticated air j but a moufe 
died in it as quickly as in fixed air. 

That it is a mixture of pure nitrous air that is 
the caufe of this thin blue flame with which the 
central flame in my former experiments is fometimes 
lurrounded, is, I think, evident from the following 
experiment. Having a quantity of this air in which 
a candle burned with a ftrong and bright flame, I 
mixed nitrous air with it, and then the candle burned 
in it with the ufual enlarged flame, a bluifh flame 
furrounding the former. 

In order to afcertain more exactly the degree of 
purity to which I could bring this air, I impreg¬ 
nated a quantity of fnow water with it, and expel- 
lm g it again by heat, I found that only one fixth of 
what had been expelled from the water, would not 
be imbibed by water again i fo that, in this method, 
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it may be procured in a ftate of confiderable pu¬ 
rity. 

Having a quantity of air in this ftate, and having 
found that a candle burned very well in it, I put a 
moufe into it j but it would have died very foon if 
I had not withdrawn it. This was on the 17th of 
March, 1781. But on the 21ft of the fame 
month, I put another moufe into the very fame 
air, and was furprized to find that it condnued 
perfe&ly at its eafe five minutes. To be quite 
fure with refpe<ft to the other properties of this 
air, I withdrew the moufe while it was quite vigor¬ 
ous, and found that a candle burned very well in 
it, but it was not in the leaft affe&ed by nitrous 
air. In this very fingular cafe, nitrous air fails to 
be a teft of the refpirability of air. The air made 
ufe of in this experiment had been kept in a cup of 
mercury, but fome water was in the veffel along 
with it, and this water had imbibed a little of the 
air. This, however, was the only cafe in which I 
have found a moufe to live in this kind of air, and 
therefore, though I cannot account for it, I do not 
lay much ftrefs upon it. 

I then expelled more of this air, from fome wa¬ 
ter that had been impregnated with it on the 17 th day 
ofMarch, but a moufe died in it, and almoft as foon as 
it would have done in any other kind of noxious air. 

It was natural to fufped, that there might be 
fomething acid in this air. But though it was rea¬ 
dily 
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dily abforbed by water tinged blue with the juice of 
turnfole, it made no change in its colour. Neithir 
was there any thing alkaline in it. For when the 
flighted tinge of red was given to this liquor by an 
acid, the blue colour was never in the lead degree 
redored by its impregnation with this kind of air. 

The fame thing may indeed be inferred from its 
not incorporating with either acid or alkaline air. 
In the experiment with the latter it appeared that 
this dephlogidicated nitrous air is lighter than com¬ 
mon air. For mixing it with alkaline air, and then 
putting acid air to it, the white cloud formed by 
their union was almod wholly in the lower part of 
the veflel. But it is not fo much lighter as inflam¬ 
mable air is found to be by the fame experiment. 
For in this cafe the white cloud never reaches the 
top of the veflel ; where the inflammable air ap¬ 
pears to remain intirely unmixed with the alkaline 
air. 

Thinking that, though dephlogidicated air ready 
formed might not affedt, or be affedted by, dephlo¬ 
gidicated nitrous air, it poflibly might in its firfl: 
formation; to try this, I revived mercury from red 
precipitate in this air. But the operation proceeded 
jud as it would have done in vacuo, the mercury 
being revived very readily, and dephlogidicated air 
produced, without affedting, or being affedted by, 
the dephlogidicated nitrous air. 

G 3 
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No Ids remarkable was the refult of heating 
malleable iron in this air. For the bulk of the air 
was increafed, and yet afterwards no part of it was 
imbibed by water. It was all phlogifticated air, 
without any mixture of fixed air. It feems, there¬ 
fore, as if this kind of air wanted nothing but phlo- 
gifton to make it phlogifticated air, and nothing 
but the principle of heat, to make it dephlogifti- 
cated air. 

This experiment happening to draw my particular 
attention, I repeated it very often, and always had 
the fame refult, though with variations, depending 
on the quantity of the air, and the heat I was able 
to apply. If this was fufficient to melt the bits of 
iron, the effed was produced very quickly. As the 
particulars may be of ufe to future experimenters, I 
fhall recite fome of them. 

Of three ounce meafur^ and a half of dephlo- 
gifticated nitrous air, two ounce meafures remained 
unabforbed by water after heating malleable iron in 
it. During the procefs, the veflel had been full of 
whitifh fumes. What remained of the air was of 
the ftandard of 1.7, and extinguifhed a candle. 

Throwing the focus of the lens about five mi¬ 
nutes on fome filings of iron in this kind of air, the 
quantity was increafed one tenth. Afterwards water 
abforbcd about one fixth of it, and the remainder 
extinguifhed a candle, being of the ftandard of 1.8. 

I repeated 
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I repeated the experiment with caft iron turnings, 
and had the fame refult. About one fifth was added 
to the quantity, water abforbed about the fame pro¬ 
portion of it, and the remainder was of the ftan- 
dard of 1.85. Some little common air may be 
fuppofed to have been introduced into the vefTel 
along with the turnings or fhavings of iron, but this 
could not be much; and in all thefe experiments 
the addition produced in the procefs was a very 
fmall part of what remained unabforbed by water; 
fo that there can be no doubt but that this operation 
produces a real change in the quality of the air, ren¬ 
dering it almoft wholly phlogifticated. 

In order to produce this effed:, the heat muft be 
very confiderable, or the pieces of iron very fmall, 
fo that they muft at leaft be red hot. For when I 
ufed whole caft iron nails, on which I fuppofe the 
heat of my lens could not make fufficient impreflion, 
the effed: of applying it an hour and a half, and with 
a very good fun, was very inconfiderable; the pro¬ 
portion of that part of the air which was immifci- 
ble with water, being only increafed in the propor¬ 
tion of fifty to twenty feven. 

But die circumftance to which I happened to give 
die greateft attention with refped: to this kind of air, 
v ^as the change diat is made in it by heat> or light. For 
fuch muft be die agents, when bits of clean cruci- 
G 4 bles, 
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t>les, or retorts, are heated by a burning lens in any 
kind of air. The confequence of this procefs al¬ 
ways was both an increafe of that part of the air 
which will not unite with water, and alio rendering 
it purer than before, approaching nearer to the (late 
of atmofpherical ajr; exactly like the refult of tak¬ 
ing the electric fpark in fixed air r I frequently Hop¬ 
ped in the middle of this procefs, and always found 
thefe effects to be more confiderable the longer I 
continued it. I lhall give the particulars of thole 
experiments only, on which I place the greateft de¬ 
pendence. 

Having impregnated a quantity of boiled water 
with dephlogifticated nitrous air, I found that the air 
expelled from it was again abforbed by water, in the 
proportion of 0.7 to 10.1, and the ftandard of this 
refiduum was 1.7. I then heated in it pieces of 
crucibles which had been juft before made red hot, 
introducing them into the air by means of a forceps ; 
and after heating them an hour and a half, in a very 
hot fun, found that a portion of the air was then un- 
abforbed by water, iii the proportion of four to fe- 
ven, and the ftandard of the refiduum was 1.55. 
1 refumed the experiment with what remained of the 
air, and continued' it half an hour longer, when the 
proportion of the part that was not abforbed by wa¬ 
ter, was to the other as twenty fix to forty, and the 
ftandard of this refiduum was 1.45. No moifture 

ever 
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ever appeared in the infide of the veflel, and there 
Was no fenfible change in the quantity of the air. 

In a portion of the fame dephlogifticated nitrous 
air that was ufed in the former experiment, I heated 
bits of crucibles, which, after being dipped in wa¬ 
ter, had only been dried, though they had been 
made very hot in the fun. In the courfe of this 
procefs, much water appeared in the veflel, expelled 
no doubt from the earthen ware j and after the pro¬ 
cefs had been continued an hour and a half, the 
part of the air that was unabforbed by water, was 
to the reft as 4.5 to 7, and the ftandard of it was 
I -45* 

Examining a quantity of dephlogifticated nitrous 
air, in a portion of which I was about to heat bits 
of dry crucibles over mercury, I found that by agi¬ 
tation in water 80.5 meafures of it was reduced to 
3.5 meafures, and the ftandard of this reftduum was 
1.58. But of that portion of the fame air in which 
bits of crucibles had been heated about an hour in 
all, ftxty three meafures were only reduced to twenty 
one, and the ftandard of this reftduum was 1.38. 
On this occafton I obferved that the infide of the 
glafs veflel was pretty thickly coated with a black 
matter. Indeed, in the former experiments, it had 
always acquired a dark incruftation j but I did not 
know whether it might not have come from the 
earthen ware. I think it highly probable* that it 
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was mercury fuper-phlogifticated, as every other 
black incruftation in proceftes in which mercury was 
uled has been. It is probable, however, that forne 
phlogifticated matter paffed from the air to the 
mercury, which would of courfe render the refi- 
duum more phlogifticated, though I do not per¬ 
ceive how it ftiould follow that it fhould thereby 
render it lefs mifcible with water. But whatever 
proportion of phlogifton be neceflary to make any 
kind of air mifcible with water, any change in that 
proportion may make it lefs mifcible with it. 

In thefe refpedts this change in the conftitution of 
dephlogifticated nitrous air, very much refembles 
that which is made in fixed air, both by the ele&ric 
fpark, and alfo by heating bits of crucibles in it ; an 
account of which has been given before. 

I endeavoured to afcertain whether this change 
in the conftitution of dephlogifticated nitrous air 
was produced by mere heat , without light, by heat¬ 
ing the air in earthen tubes or retorts, when their 
mouths were immerfed in mercury ■, but, to my 
great difappointment, I found that all kinds of air 
heated in this manner, came out common air, or 
rather air a little phlogifticated. In fa<ft, the 
earthen vefiels, in that degree of heat to which I ex- 
pofed them, muft have been rendered pervious to air, 
though they were glazed inftde and outfide, and were 
perfectly air tight both before and after the experiment. 

But 
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But the moft effe&ual change that I was able 
to make in this kind of air, was bringing it to a 
ftate in which l doubt not it was refpirable, by- 
means of the electric fpark. Taking this fpark, 
or making fmall explofions, in 0.4 of an ounce 
meafure of dephlogifticated nitrous air, it was ren¬ 
dered wholly immifcible with water, and of the 
ftandard of 1.45. 

From this experiment it Ihould feem, that there 
is in this fpecies of air fomething that is capable 
of being converted into pure air. This, indeed, is 
fufficiently indicated both by a candle burning per- 
fedtly well in it, and alfo by pyrophorus lpontane- 
oufly kindling in the nitrous air from which it is 
formed. A judicious profecution of thefe experi¬ 
ments may therefore throw light upon the nature 
of both the kinds of air, and of combufiion alio. 

This kind of air, however, though a candle burns 
fo well in it, will not kindle pyrophorus. I put a 
fmall cupful of the pyrophorus into a quantity of 
this kind of air, and let it remain there a confider- 
able time, without perceiving any fenlible effe&i 
but when I took it out, and put it into a velfel 
containing nitrous air, it took fire immediately. 

In the courfe of thefe experiments witli the fun, 
I obferved a remarkable fource of fallacy, with re- 
fped to the increafe of the quantity of air confined 
by mercury, when there is fo much moiflure in the 

infide 
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infide as to be fubjed to fudden dilations and com- 
preffions. For a confiderable quantity of com¬ 
mon air would get into the infide of the velfel, 
when there was the depth of an inch of mercury on 
the outfide of it, and of two or three inches within. 
In thefe circumftances I have feen more than an 
ounce meafure of the external air gain ad million in 
lefs than one minute. This muft have been occa- 
fioned by the mercury never being in perfect con- 
tad with glafs j fo that when the mercury was in 
a Hate of undulation, the air that was confined be¬ 
tween it and the glafs was continually protruded, 
and more air from the atmofphere was forced into 
its place, by the fame prelfure which fupported the 
column of mercury within the glafs. This effed 
I prevented by having a quantity of water upon 
the mercury, on the outfide of the velfel. For this 
would be in perfed contad with the glafs; and in 
this cafe I never found either air or water to get 
into the velfel to difturb my experiment. 

I took the eledric fpark in a quantity of dephlo - 
gifticated nitrous air , till, without any perceivable 
change in its quantity, it was become immifcible 
with water. Then, admitting diftilled water to it, 
there was no depofit made, though I could perceive 
a white incruftation quite round the infide of the 
glafs velfel, contiguous to the mercury by which 
the air was confined. But admitting to it the water 
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in my trough, which happened to have mixed with 
it various folutions of iron* there was a copious 
white precipitate. This fubftance I had got once 
before, and found that by expofure to a red heat 
it became of a brown colour, and adhered firmly 
to the pieces of earthen ware on which it was heat¬ 
ed, thereby appearing to be ochre. The white- 
nefs may have been occafioned by the mercury. 


SECTION VI. 

Of Iron that has been ufed to diminifh nitrous Air.. 

W HEN the iron nails or wires, which I 
have ufed to diminifh nitrous air, had done 
their office, I laid them afide, not fufpe&ing that 
they could be of any other philofophical ufe ; but 
after having lain expofed to the open air almoft a 
fortnight, having, for fome other purpofe, put fome 
of them into a vefiel containing common air. Hand¬ 
ing inverted, and immerfed in water, I was fur- 
prized to obferve that the air in which they were 
confined was diminifhed. The diminution pro¬ 
ceeded 
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ceeded To faft, that the procefs was completed in 
about twenty four hours ; for in that time the air 
was diminMhed about one fifth, fo that it made no 
effervefeence with nitrous air, and was therefore, 
no doubt, highly noxious, like air diminifhed by 
any other procefs. 

This experiment I repeated a great number 
of times, with the fame phials, filled with nails 
or wires that have been fuffered to ruft in nitrous 
air, but their power of diminifhing common air 
grows lefs and lefs continually. How long it will 
be before it is quite exhaufted I cannot tell. This 
diminution of air I conclude muff arife from the 
phlogifton, with which the iron was overcharged 
by extrafting it from the nitrous air, which it 
thereby left dephlogifticated. With this addition 
of phlogifton .it would powerfully attract the de¬ 
phlogifticated air in the atmofphere, and confe- 
quently leave the remainder phlogifticated. 

Having a quantity of iron that was reduced to 
a perfect ruft in thefe procefles, I had the curiofity 
to heat it in an earthen crucible, in order to examine 
the air that might be expelled from it, and the 
refult was as follows. From ten ounces of this 
ruft, I got about 180 ounce meafures of air, mix¬ 
ed at firft with much fleam. The firft fixty ounce 
meafures were chiefly fixed air, widi a phlogifti¬ 
cated refiduum, of the ftandard of 1.7. The re¬ 
mainder 
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mainder came much more flowly, requiring about 
four hours continuance of heat. This contained 
no mixture of fixed air, and was fo pure, that a 
candle burned in it pretty well, being of the ftan- 
dard of 1.32. The matter was reduced to one 
mafsj like iron, ftrongly attached by the magnet. 
But, indeed, the ruft itfelf had been fo before the 
procefs. 

It feems probable, that the dephlogifticated ni¬ 
trous vapour is contained in this Rift, and that with 
the addition of the principle of heat it becomes 
proper dephlogifticated air. Or this dephlogifti¬ 
cated air might be that which by long expofure to 
the atmofphere it had extradled from it. It has 
been feen that that iron which has been expofed to ni¬ 
trous air will diminifti common air, and leave it 
phlogifticated. 

In order to compare this kind of ruft of iron 
with that which is formed by expofure to the at¬ 
mofphere, I took four ounces of the latter; and, 
by the fame treatment, got from it 180 ounce 
meafures of air, about one half of which was fixed 
air, with a refiduum of the ftandaFd of 1.7; but 
the bulk of it was inflammable, burning with a 
lambent blue flame. 

To a quantity of this ruft I put oil of vitriol with 
°nly two equal parts of water, and obferved that it was 
but weakly a<fted upon, and that much heat was necef- 

fary 
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fary to effect the folution of it. During the procefs 
much black matter was formed, and the inflammable air 
produced had an offenfive fmell. In thefe refpedts 
this iron feemed to approach to the nature of caft 
iron; but when it was melted by a burning lens 
in the open air, the parts of it were not difperfed 
like thofe of call iron. 

As yet I have feen no iron fo far affedted by this 
procefs, though it is in a ftate that eafily crumbles 
to powder, as not to be able to decompofe more 
nitrous air, and almoft as readily as frefh iron. 

I fhall juft mention one experiment in which 
this rufted iron, and frefh iron, were made ufe of 
The nitrous air had been put to each of them on 
the 27th of Auguft, and they were both examined 
on the 18 th of Odtober; when, in both cafes, the 
air was found to be diminifhed to about one third, 
and a candle burned with equal brilliancy in both. 
Water then abforbed about one half of each of 
them, and die remainder extinguifhed a candle. 
Neither of them had in die fmalleft degree the 
property of frefh nitrous air. 
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SECTION VII. 

Gbfervations more 'particularly relating to the Confuta¬ 
tion of dephlogijlicated nitrous Air. 

M Y conjectures concerning the conftitution of 
this kind of air will be found to have been 
various. But having difcovered it at one time in 
a continued procefs, of the folution of zinc in fpirit 
of nitre, always to come between the phlogifticated 
and dephlogifticated air, I fuppofed it to contain 
lefs phlogifton than phlogifticated air, and more 
than the dephlogifticated airj and therefore as it 
has fome properties of a genuine dephlogifticated 
air, I am inclined, on the whole, to call it a de¬ 
phlogifticated nitrous air. 

Since a candle burns in this kind of air, and an 
animal dies in it, I think we are authorized to 
fay, that it is of fuch a conftitution, as to be cap¬ 
able of receiving phlogifton in a very great degree 
of heat, perhaps not fhort of a red heat, but not 
in that degree which is compatible with animal 
life. It is well known that many fubftances in 
chemiftry can a6t upon one another, when they are 
hot, which do not at all affeCt one another when 
VOL. II. H they 
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they are cold. This, therefore, may be the cafe 
with this kind of air, and fubftances containing 
phlogifton. 

That this fpecies of^ air is really a dephlogifti, 
rated nitrous air, and not a phlogifticated air, as 
I had originally fuppofed, is more evident from its 
being produced from nitrous air by th e Jcales of 
iron ., which fly off when it is hammered, and which 
are iron partly reduced to a calx. I filled a phial 
with thefe fcales, and dien filling it up with mer¬ 
cury, diflodged the mercury with nitrous air. In 
this ftate the phial continued near three weeks ; 
when I found the air diminished, I did not note 
how much, but a candle burned in the remainder 
juft as if the nitrous air had been expofed to iron. 
Thefe fcales wanting much phlogifton to make 
them iron, muft be in a ftate more ready to receive 
than to give phlogifton to nitrous air. 

Water is abfolutely neceffary to this decompofi- 
tion of nitrous air, when it is effo&ed by iron. I 
had decompofed it before, either byprevioufly fill, 
ing the veflels that were to contain the nitrous air 
with ‘water, or with mercury , though it had always 
required much longer time when mercury was 
ufed. The reafon of this difference I did not then 
know j but I now perceive that it was owing to the 
fmall quantity of moijture in the veffel containing 
the mercury, 

Suf- 
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Sufpedting the influence of water in this pro- 
cefs, I procured a number of very clean fmall 
needles, and having made a phial, and alfo a proper 
quantity of mercury, perfectly clean and diy, I 
put the needles into the phial; and filling it up 
with mercury, introduced the nitrous air. This 
phial continued in the fame ftate fix or eight months, 
without the leaft fenfible change in the fpace occu¬ 
pied by the air. I therefore concluded that no 
change had taken place in it, and therefore intro¬ 
duced a few drops of water; after which I per¬ 
ceived, in a day or two, that the air was diminifh- 
ed, and the diminution proceeded till about one 
third of the air had difappeared. In this ftate 
the phial continued feveral months more; when, 
obferving no farther change, I examined it, and 
found that a candle would not burn in it, which 
I had expected it would have done j as I imagined 
there was not water fufficient to imbibe that part 
of the air which had enabled a candle to burn in 
it; and how this part of the air Ihould difappear, 
or be converted into phlogifticated air, without 
water, I could not tell. In another experiment 
the refult was feemingly different. 

On the 126th of May, 178 2, I examined a quan¬ 
tity of nitrous air, which had been confined by 
mercury with iron lhavings from the 27th of Auguft 
preceding, when I found one half of it abforbed, 
H 2 and 
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and a candle burned in the remainder better than 
in common air, though a moufe died in it; and 
yet this air had remained feveral months in the 
fame (late, with reipedt to quantity, in which it was 
when I examined it; fo that I concluded it would 
never have extinguifhed a candle, in confequence 
of any longer continuance in that ftate. In this 
cafe, however, there was no fenfible quantity of 
water at all; whereas in the other there were a 
few drops. Water, therefore, may contribute to 
this change in the air, independendy of its abjorb- 
ing any part of it. When I agitated this air in 
water, fomething more than one half was abforbed, 
and the remainder extinguifhed a candle. 

But, perhaps, the more probable inference from 
this experiment may be that, in time, all the de- 
phlogifticated nitrous air is imbibed by the iron, 
fo that nothing befides the phlogifticated air will 
be left in the veflel; though there was no appear¬ 
ance of this being the cafe in the experiment with 
the needles ; as the air did not continue to diminifh 
longer than ufual, and there remained two thirds 
of the original quantity of phlogifticated air. This, 
therefore, rather looks like a change of the dephlo- 
gifticated nitrous air into phlogifticated air, by the 
addition of phlogifton from the iron. 

Another experiment I made with a view to afcer- 
tain the degree of diminution at which the nitrous 

air 
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air begins to be decompofed. On the 14th of 
May, I P ut twent y f° ur ounce meafures of nitrous 
air into a quart bottle, previoufly filled with pieces 
of iron, that had before been rufted in this pro- 
cefs. On the 18th there were only feventeen ounce 
meafures of air, and it was not at all changed ; on 
the 1 1 ft there were thirteen ounce meafures, and 
on the 31ft four ounce meafures, of which half 
was then ablorbed by water, and the remainder was 
phlogifticated air. This was the greateft diminu¬ 
tion that I remember to have obferved in this 
procefs. But having negletted it from the 21ft 
to the 31ft, I did not find the time at which the 
decompofition firft took place; but in general I 
believe it is when about one fourth of the quantity 
is remaining, and that the change takes place pretty 
fuddenly, for I do not remember ever to have 
found it in a middle ftate. 
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OF DEPHLOGISTIC ATED AIR, 


PART I. 

OF THE SOURCES OF DE PH LOG I STIC ATED AIR, 


SECTION I, 

An Account of the Difcovery of dephlogifticated Air, 
and its general Properties. 

T H E contents of this fedtion will furnilh a very 
ftriking illuftration of the truth of a remark, 
which I have more than once made in my philo- 
fophical writings, and which can hardly be too 
often repeated, as it tends greatly to encourage phi- 
lofophical inveftigaticns; viz. that more is owing 
to what we call chance, that is, philofophically fpeak- 

ing, 
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ing, to the obfervation. of events arifing from unknown 
caujes y than to any proper defign , or preconceived 
theory in this bufinefs. This does not appear in the 
works of thofe who write fynthetically upon thefe 
iubje< 5 ts; but would, I doubt not, appear very 
Itrikingly in thofe who are the moft celebrated for 
their philofophical acumen, did they write analyti¬ 
cally and ingenuoufly. 

For my own part, I will frankly acknowledge, 
that, at the commencement of the experiments re¬ 
cited in this fe&ion, I was fo far from having formed 
any hypothecs that led to the difcoveries I made in 
purfuing them, that they would have appeared very 
improbable to me had I been told of them; and 
when the decifive fa£ts did at length obtrude them- 
felves upon my notice, it was very (lowly, and 
with great hefitation, that I yielded to the evidence 
of my fenfes. And yet, when I re-confider the 
matter, and compare my laft difcoveries relating 
to the conftitution of the atmofphere with the 
firft, I fee the clofeft and the eafieft connexion 
between them, fo as to wonder that I (hould 
not have been led immediately from the one to 
tire other. That this was not the cafe, I attribute 
to the force of prejudice, which, unknown to our- 
felves, biafles not only our judgments , properly fo 
called, but even the perceptions of our fenfes; for 
we may take a maxim fo ftrongly for granted, that 

H 4 the 
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the plained evidence of fenfe will not entirely 
change, and often hardly modify, our perfuafions; 
and the more ingenious a man is, the more effec¬ 
tually he is entangled in his errors; his ingenuity 
only helping him to deceive himfelf, by evading 
the force of truth. 

There are, I believe, very few maxims in philo- 
fophy that have laid firmer hold upon the mind, 
than that air, meaning atmofpherical air (free from 
various foreign matters, which were always fuppofed 
to be diflolved, and intermixed with it) is a fimple 
elementary Jubftance , indeftrudtible, and unalterable, 
at lead as much fo as water is fuppofed to be. In 
the courfe of my inquiries, I was, however, foon 
fatisfied that atmofpherical air is not an unalterable 
thing j for that, according to my firft hypothecs, the 
phlogifton with which it becomes loaded from bodies 
burning in it, and animals breathing it, and various 
other chemical precedes, fo far alters and depraves it, 
as to render it altogether unfit for inflammation, re- 
fpiration, and other purpofes to which it is fubfervient; 
and I had difeovered that agitation in water, the pro- 
cefs of vegetation, and probably other natural pro- 
ceffes, reftore it to its original purity. But I own I 
had no idea of the poffibility of going any farther in 
this way, and thereby procuring air purer than the 
beft common air. I might, indeed, have naturally 
imagined that fuch would be air that fhould contain 

lefs 
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lefs phlogifton than the air of the atmofphere ; but 
I had no idea that fuch a compofition was poflible. 

In mjrfitft publication on the fubjed of air, I 
mentioned that which I had got from mire, and 
the account I then gave of it demonftrates it to 
have been dephlogifticated air, but I had not pur- 
fued that experiment, nor was it of any ufe to me 
in the following courfe. It may be worth while, 
however, to recite what I then obferved, which 
was as follows. 

All the kinds of faditious air, I then obferved, on 
which I had made the experiment, were highly noxi¬ 
ous, except that which is extraded from nitre, or 
alum; but in this even a candle burned juft as in 
common air. In one quantity which I got from 
nitre a candle not only burned, but the flame 
was increafed, and fomething was heard like a hif- 
ftng, fimilar to the decrepitation of nitre in an 
open fire. 

The air was extraded from thefe fubftances by 
heating them in a gun barrel, which was much cor¬ 
roded and foon fpoiled by the experiment. What 
effed this circumftance had upon the air I did not 
confider. 

At the time of my firft publication, I was not 
poflefied of a burning lens of any conflderable force; 
and for want of one, I could not poflibly make 
many of the experiments that I had projeded, and 

which. 
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which, in theory, appeared very promifing. I had, 
indeed, a mirror of force fufficient for my purpofe. 
But the nature of this inftrument is fuch, that it 
cannot be applied, with effect, except upon fub¬ 
ftances that are capable of being Upended, or reft- 
ing on a very (lender fupport. It cannot be direded 
at all upon any fubftance in the form of powder, nor 
hardly upon any thing that requires to be put into 
a veftel of quickfilver; which appears to me to be 
the moft accurate method of extrading air from a 
great variety of fubftances, as was explained in the 
introduction to this work. But having afterwards 
procured a lens of twelve inches diameter, and twen¬ 
ty inches focal diftance, I proceeded with great ala¬ 
crity to examine, by the help of it^ what kind of 
air a great variety of fubftances, natural and fadi- 
tious, would yield, putting them into the veflels 
reprefented fig. a, PI. IV. which I filled with 
quickfilver, and kept inverted in a bafon of the 
fame. Mr. Warltire, a good chemift, and lec¬ 
turer in natural philofophy, happening to be at 
that time in Caine, I explained my views to him, 
and was furnifhed by him with many fubftances 
which I could not otherwife have procured. 

With this apparatus, after a variety of other ex¬ 
periments, an account of which will be found in its 
proper place, on the ift of Auguft, 1774, I en¬ 
deavoured to extrad air from mercurius calcinatus per 
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; and I prefently found that, by means of this 
lens, air was expelled from it very readily. Hav¬ 
ing got about three or four times as much as the 
bulk of my materials, I admitted water to it, and 
found that it was not imbibed by it. But what fur- 
prized me more than I can well exprefs, was, that 
a candle burned in this air with a remarkably vi¬ 
gorous flame, very much like that enlarged flame 
with which a candle burns in nitrous air, expofed 
to iron or liver of fulphur ; but as I had got nothing 
like this remarkable appearance from any kind of 
air befides this particular modification of nitrous air, 
and I knew no nitrous acid was ufed in the prepara¬ 
tion of mercurius calcinatus , I was utterly at a lofs 
how to account for it. 

In this cafe, alfo, though I did not ^ive fufficient 
attention to the circumftance at that time, the flame 
of the candle, befides being larger, burned with more 
fplendor and heat than in that fpecies of nitrous 
air; and a piece of red hot wood fparkled in it, ex¬ 
actly like paper dipped in a folution of nitre, and it 
confumed very fail; an experiment which I had never 
thought of trying with dephlogifticated nitrous air. 

At the fame time that I made the above-mention¬ 
ed experiment, I extra&ed a quantity of air, with 
the very fame property, from the common red pre¬ 
cipitate , which being produced by a folution of mer¬ 
cury in fpirit of nitre, made me conclude that this 
1 peculiar 
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peculiar property, being fimilar to that of the mo¬ 
dification of nitrous air above mentioned, depended 
upon fomething being communicated to it by the 
nitrous acid and fince the mercurius calcinatus is pro¬ 
duced by expofing mercury to a certain degree of 
heat, where common air has accefs to it, I likewife 
concluded that this fubftance had collected fome¬ 
thing of nitre , in that ftate of heat, from the atmof- 
phere. 

This, however, appearing to me much more ex¬ 
traordinary than it ought to have done, I entertained 
fome fufpicion that the mercurius calcinatus , on which 
I had made my experiments, being bought at a 
common apothecary’s, might, in faft, be nothing 
more than red precipitate ; though, had I been any 
thing of a practical chymift, I could not have en¬ 
tertained any fuch fufpicion. However, mentioning 
this fufpicion to Mr. Warltire, he furnilhed me 
with fome that he had kept for a fpecimen of the 
preparation, and which, he told me, he could war¬ 
rant to be genuine. This being treated in the fame 
manner as the former, only by a longer continuance 
of heat, I extracted much more air from it than from 
the other. 

This experiment might have fatisfied any mo¬ 
derate fceptic ; but, however, being at Paris in the 
O&ober following, and knowing that there were 
feveral very eminent chymifls in that place, I did 
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not omit the opportunity, by means of my friend 
Mr. Magellan, to get an ounce of mercurius calcina¬ 
tus prepared by Mr. Cadet, of the genuinenefs of 
which there could notpoffibly be any fufpicion; and 
at the fame time, I frequently mentioned my fur— 
prife at the kind of air which I had got from this 
preparation to Mr. Lavoifier, Mr. le Roy, and fe- 
veral other philofophers, who honoured me with 
their notice in that city ; and who, I dare fay, can¬ 
not fail to recollect the circumftance. 

At the fame time, I had no fufpicion that the air 
which I had got from the mercurius calcinatus 
was even wholefome, fo far was I from knowing 
what it was that I had really found ; taking it for 
granted, that it was nothing more than fuch kind of 
air as I had brought nitrous air to be by the pro¬ 
cess above mentioned; and in this air I have 
obferved that a candle would burn fometimes quite 
naturally, and fometimes with a beautiful enlarged 
flame, and yet remain perfe&ly noxious. 

At the fame time that 1 had got the air above 
mentioned from mercurius calcinatus and the red 
precipitate, I had got the fame kind from red lead 
or minium. In this procefs, that part of the minium 
on which the focus of the lens had fallen, turned 
yellow. One third of the air, in this experiment, 
was readily abforbed by water, but, in the remain¬ 
der. 
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der, a candle burned very ftrongly, and with a crack¬ 
ling noife. 

This experiment with red lead confirmed me 
more in my fufpicion, that the mercurius calcimtus 
muft have got the property of yielding this kind of air 
from the atmbfphere, the procefs by which that pre¬ 
paration, and this of red lead is made, being fimi- 
lar. As I never make the leaft fecret of any thing 
that I obferve, I mentioned this experiment alfo, 
as well as thofe with the mercurius calcinatus , and 
the red precipitate, to all my philofophical acquaint¬ 
ance at Paris, and elfewhere j having no idea at that 
time, to what thefe remarkable fads would lead.' 

Prefently after my return from abroad, I went 
to work upon the mercurius calcinatus , which I had 
procured from Mr. Cadet; and, with a very mo¬ 
derate degree of heat, I got from fome of it, an 
ounce meafure of air, which I obfervedto be not 
readily imbibed, either by the fubftance itfelf from 
which it had been expelled (for I fuffered them to 
continue a long time together before I transferred 
the air to any other place) or by water, in which I 
fuffered this air to fland a confiderable time before I 
made any experiment upon it. 

In this air, as 1 had expeded, a candle burned 
with a vivid flame but what I obferved new at 
this time (Nov. 19) and which furprized me no 

lefs 
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iefs than the fa£t I had difcovered before, was, that 
whereas "a few moments agitation in water will de¬ 
prive the modified nitrous air of its property of ad¬ 
mitting a candle to burn in it; yet, after more than 
ten times as much agitation as would be fufficient 
to produce this alteration in the nitrous air, no fen- 
fible change was produced in this. A candle ftill 
burned in it with a ftrong flame ; and it did not, in 
the leaft, diminifh common air, which I had ob- 
ferved that nitrous air, in this ftate, infome meafure, 
does. 

But I was much more furprized, when, after 
two days, in which this air had continued in contact 
with water (by which it was diminifhed about one 
twentieth of its bulk) I agitated it violently in wa¬ 
ter about five minutes, and found that a candle 
ftiU burned in it as well as in common air. The fame 
degree of agitation would have made phlogifiicated 
nitrous air fit for refpiration indeed, but it would 
certainly have extinguifhed a candle. 

Thefe fafts fully convinced me, that there muft 
be a very material difference between the conftltu- 
don of the air from mercurim calcinatus , and that of 
dephlogifticated nitrous air, notwithflanding their 
refemblance in fome particulars. But though I did 
not doubt that the air from mercurius calcinatus was 
ht for refpiration, after being agitated in water, as 
every kind of air without exception, on which I had 

tried 
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tried the experiment, had been, I full did not fuf- 
pe< 5 t that it was refpirable in the firft inftance; fo 
far was I from having any idea of this air being, 
what it really .was, much fuperior, in this refp e 6t, 
to the air of the atmofphere. 

In this ignorance of the real nature of this kind of 
air, I continued from this time (November) to the 
i ft of March following; having, in the mean time, 
been intent upon my experiments on the vitriolic 
acid air, and the various modifications of air pro¬ 
duced by fpirit of nitre. But in the courfe of 
this month, I not only aicertained the nature of this 
kind of air, though very gradually, but was led by 
it, as I then thought, to the complete difcovery of 
the conftitution of the air we breathe. 

Till this firft of March, 1775, I had fo little fuf- 
picion of the air from mercurius calcinatus , &c. being 
wholefome, that I had not even thought of apply¬ 
ing to it the teft of nitrous air; but thinking (as my 
reader muft imagine I frequently muft have done) 
on the candle burning in it after long agitation in 
water, it occurred to me at laft to make the experi¬ 
ment ; and putting one meafure of nitrous air to 
two meafures of this air, I found, not only that it 
was diminilhed, but that it was diminifhed quite as 
much as common air, and that the rednefs of the 
mixture was likewife equal to that of a fimilar mix¬ 
ture of nitrous and common air. 


After 
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After this I had no doubt but that the air from 
mercurius calcinatus was fit for refpiration, and that 
it had all the other properties of genuine common 
air. But I did not take notice of what I might 
have obferved, if I had not been fo fully poffeffed 
by the notion of there being no air better than com - 
mon air, that the rednefs was really deeper, and the 
diminution fomething greater than common air 
would have admitted. 

I now concluded that all the conftituent parts of 
the air were equally, and in their proper proportion, 
imbibed in the preparation of thip fubftance, and 
alfo in the procefs of making red lead. For at the 
fame time that I made the above mentioned expe¬ 
riment on the air from mercurius calcinatus , I like- 
wife obferved that the air which I had extracted 
from red lead, after the fixed air was walked out of 
it, was of the fame nature, being diminifhed by ni¬ 
trous air like common air j but, at the fame time, 
1 was puzzled to find that air from the red precipi¬ 
tate was diminifhed in the fame manner, though 
the procefs for making this fubftance is quite differ¬ 
ent from that of making die two others. But to 
this circumftance I happened not to give much at¬ 
tention. 

I wifh my reader be not quite tired with the fre¬ 
quent repetition of the word Jurprize , and others of 
fimilar import j but I muft go on in that ftyle a lit— 
Vol. II, I tie 
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tie longer. For the next day I was more furpii ze d 
than ever I had been before, with finding that, after 
the above mentioned mixture of nitrous air and the 
air from mercurius calcinatus , had flood all night 
(in which time the whole diminution mufl have taken 
place; and, confequently, had it been common 
air, it muft have been made perfectly noxious, and 
intirely unfit for refpiration or inflammation) a can¬ 
dle burned in it, and even better than in common 
air. 

I cannot, at this diflance of time, recollect what 
it was that I had in view in making this experiment; 
but I know I had no expedlation of the real iflue of 
it. Having acquired a confiderable degree of rea- 
dinefs in making experiments of this kind, a very 
flight and evanefeent motive would be fufficient to 
induce me to do it. If, however, I had not hap¬ 
pened, for fome other purpofe, to have had a lighted 
candle before me, I fhould probably never have 
made the trial; and the whole train of my future 
experiments relating to this kind of air might have 
been prevented. 

Still, however, having no conception of the real 
caufe of this phenomenon, I confidered it as fome- 
thing very extraordinary; but as a property that 
was peculiar to air extra&ed from thefe fubftances, 
and adventitious; and I always fpoke of the air to 
my acquaintance as being fubftantially the fame 

thing 
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thing with common air. I particularly remember 
my telling Dr. Price, that I was myfelf perfectly 
fatisfied of its being common air, as it appeared to 
be fo by the teft of nitrous air ; though, for the fa- 
tisfaftion of others, I wanted a moufe to make the 
proof quite complete. 

On the 8 th of this month I procured a moufe, and 
put it into a glafs veflel, containing two ounce mea- 
fures of the air from mercurius calcinatus. Had it 
been common air, a full grown moufe, as this was, 
would have lived in it about a quarter of an hour. 
In this air, however, my moufe lived a full half 
hour; and though it was taken out feemingly dead, 
it appeared to have been only exceedingly chilled; 
for, upon being held to the fire, it prefendy revived, 
and appeared not to have received any harm from 
the experiment. 

By this I was confirmed in my conclufion, that 
the air extracted from mercurius calcinatus , &c. was 
at leaft as good as common air; but I did not cer¬ 
tainly conclude that it was any better ; becaufe, 
though one moufe would live only a quarter of an 
hour in a given quantity of air, I knew it was 
not impofiible but that another moufe might have 
lived in it half an hour; fo little accuracy is there in 
this method of afcertaining the goodnefs of air . and 
indeed I have never had recourle to it for my own 
fatisfa&ion, fince the difcovery of that moft ready, 
I 2 accurate, 
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accurate, and elegant teft that nitrous air furnifhes. 
But in this cafe I had a view to publifhing the. 
moft generally-fatisfadtory account of my expert 
ments that the nature of the thing would admit of. 

This experiment with themoufe, when I had re- 
fle<5ted upon it fome time, gave me fo much fufpi- 
ci°n that the air into which I had put. it was better 
than common air, that I was induced, the day after, 
to apply the teft of nitrous air to a fmall part of that 
very quantity of air which the moufe had breathed 
fo long ; fo that, had it been common air, I was fa- 
tisfied it muft have been very nearly, if not altoge¬ 
ther, as noxious as poftible, fo as not to be affeded 
by nitrous air; when, to my furprize again, I found 
that though it had been breathed fo long, it was ftiU 
better than common air. For after mixing it with 
nitrous air, in the ufual proportion of two to one, it 
was diminifhed in the proportion of four and a half 
to three and a half; that is, the nitrous air had 
made it two ninths lefs than before, and this in a 
very fhort fpace of time; whereas I had never found 
that, in the longeft time, any common air was re¬ 
duced more than one fifth of its bulk by any pro¬ 
portion of nitrous air, nor more than one fourth by 
any phlogiftic procefs whatever. Thinking of this 
extraordinary fad upon my pillow, the next morn¬ 
ing! put another meafure of nitrous air to the fame 
mixture, and, to my utter aftonilhment, found that 
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it was farther diminiftied to almoft one half of its 
original quantity. I then put a third meafure to it; 
but this did. not diminifh it any farther but, how¬ 
ever, left it one meafure lefs than it was even after 
the moufe had been taken out of it. 

Being now fully fatisfied that this air, even after 
the moufe had breathed it half an hour, was much 
better than common air ; and having a quantity of 
it ftill left, fufficient for the experiment, viz. an 
ounce meafure and a half, I put the moufe into it; 
when I obferved that it feemed to feel no fhock up¬ 
on being put into it, evident figns of which would 
have been vifible, if the air had not been very whole- 
fome j but that it remained perfe£tly at its eafe an¬ 
other full half hour, when I took it out quite lively 
and vigorous. Meafuring the air the next day, I 
found it to be reduced from one and a half to two 
thirds of an ounce meafure. And after this, if I 
remember well (for in my regifler of the day I only 
find it noted, that it was confiderably diminijhed by 
nitrous air) it was nearly as good as common air. 
It was evident, indeed, from the moufe having been 
taken out quite vigorous, that the air could not 
have been rendered very noxious. 

For my farther fatisfa&ion I procured another 
moufe, and putting it into lefs than two ounce mea¬ 
sures of air extracted from tnercurius cakinatus and 

13 air 
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air from red precipitate (which, having found them 
to be of the fame quality, I had mixed together) 
it lived three quarters of an hour. But not having 
had the precaution to fet the vefiel in a warm place, 
I fufpeft that the moufe died of cold. However, as 
it had lived three times as long as it could proba¬ 
bly have lived in the fame quantity of common air, 
and I did not expedt much accuracy from this kind 
of teft, I did not think it neceffary to make any more 
experiments with mice. 

Being now fully fatisfied of the fuperior goodnefs 
of this kind of air, I proceeded to meafure that de¬ 
gree of purity, with as much accuracy as I could, 
by the teft of nitrous air; and I began with putting 
one meafure of nitrous air to two meafures of this 
air; as if I had been examining common air; and 
now I obferved that the diminution was evidently 
greater than common air would have fuffered by 
the fame treatment. A fecond meafure of nitrous 
air reduced it to two thirds of its original quantity, 
and a third meafure to one half. Sufpedting that 
the diminution could not proceed much farther, I 
then added only half a meafure of nitrous air. By 
this it was diminifhed ftill more, but not much, 
and another half meafure made it more than half of 
its original quantity ; fo that, in this cafe, two mea¬ 
fures of this air took more than two meafures of ni¬ 
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| rous a j rj and yet remained lefs than half of what it 
was. Five meafures brought it pretty exa&ly to 
its original dimenfions. 

At the fame time, air from the red precipitate was 
diminifhed in the fame proportion as that from 
mrcurius caicinatus , five meafures of nitrous air be¬ 
ing received by two meafures of this without any 
increafe of dimenfions. Now as common air takes 
about one half of its bulk of nitrous air, before it 
begins to receive any addition to its dimenfions from 
more nitrous air, and this air took more than four 
half meafures before it ceafed to be diminifhed by 
more nitrous air, and even five half meafures made 
no addition to its original dimenfions, I concluded 
that it was between four and five times as good as 
Common air. It will be feen that I have fince pro¬ 
cured air purer than this. 
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SECTION II. 

Of the Production of dephlogijlicated Air, by Means of 
Spirit of Nitre and the Calx of Lead. 

T> EING now fully fatisfied with refpedt to the 
nature of this new fpecies of air, viz. that, be¬ 
ing capable of taking more phlogifton from nitrous 
air, it therefore originally contains lefs of this prin¬ 
ciple j my next inquiry was, by what means it 
comes to be fo pure, or philofophically fpeaking, to 
be fo much dephlogijlicated j and fince the red lead 
yields the fame kind of air with mercurius calcina¬ 
tes, though mixed with fixed air, and is a much 
cheaper material, I proceeded to examine all the 
preparations of lead, made by heat in the open air, 
to fee what kind of air they would yield, beginning 
with the grey calx , and ending with litharge. 

The red lead which I ufed for this purpofe yield¬ 
ed a confiderable quantity of dephlogifti catec j a } r 
and very little fixed air. In this experiment two 
meafures of nitrous air being put to one meafure 
of this air, reduced it to one third of what it was at 
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firft, and nearly three times its bulk of nitrous air 
made very little addition to its original dimenfions ; 
fo that this air was exceedingly pure, and better than 
any that I had procured before. 

One quantity of red lead, which I procured, had 
a yellowifh call, and had in it fcveral pieces intirely 
yellow. I tried it with the burning lens in quick- 
filver, and found that it yielded very little air, and 
with great difficulty ; requiring the application of 
a very intenfe heat. With an equal quantity of ni¬ 
trous air, a part of this air was reduced to one half 
of its original bulk, and three meafures and a half 
faturated it. The air, therefore, was veiy pure, 
and the quantity that it yielded being very fmall, it 
proved to be in a very favourable (late for afcer- 
taining on what circumftances its acquiring this air 
depended. 

My object now was to bring this red lead, which 
yielded very little air, to that ftate in which other 
red lead had yielded a considerable quantity ; and 
taking it, in a manner, for granted, in confequence 
of the reafoning intimated above, that red lead muft 
imbibe from the atmofphere fome kind of acid, in 
order to acquire that property, I took three Separate 
half ounces of this freffi made red lead, and moiften- 
ed them till they made a kind of pafte, with each 
of the three mineral acids, viz. the vitriolic, the ma¬ 
rine, and the nitrous; and as I intended to make 

the 
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the experiment in a gun barrel, left the iron fhould 
be too much affected by them, I dried all thefe 
mixtures, till they were perfectly hard; then pul¬ 
verizing them, I put them feparately into my gun 
barrel, filled up to the mouth with pounded flint, 
which I had found by trial to yield little, or no air 
when treated in this manner. I had alfo found 
that no quantity of air, fufficient to make an ex¬ 
periment, could be procured from an equal quan¬ 
tity of this red lead by this proceft. 

Thofe portions of the red lead which had been 
moiftened with the vitriolic and marine acids be¬ 
came white; but that which had been moiftened 
with the nitrous acid, had acquired a deep brown 
colour. The mixtures with the nitrous and marine 
acids dried pretty readily, but that with the vitriolic 
acid was never perfectly dry; but a great part of 
it remained in the form of a foftifh pafte. 

Neither the vitriolic nor the marine acid mix¬ 
tures gave the leaft air when treated in the man¬ 
ner above-mentioned; but the moment that the 
compofition into which the nitrous acid had enter¬ 
ed became warm, air began to be produced; and 
I received the produce in quickftlver. About one 
ounce meafure was quite tranfparent, but prefently 
after it became exceedingly red; and being fatif- 
fied that this rednefs was owing to the nitrous acid 
vapour having diffolved the quickftlver, I took no 
4 morfc 
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more than, two ounce meafures in this way, but 
received all the remainder, which was almoft two 
pints, in water. Far the greateft part of this was 
fixed air, being readily abforbed by water, and ex¬ 
tinguishing a candle. There was, however, a con- 
fiderable refiduum, in which the flame of a candle 
burned with a crackling noife, from which I con¬ 
cluded that it was true dephlogifticated air. 

In this experiment I had moiftened the red lead 
with fpirit of nitre feveral times, and had dried it 
again. When I repeated the experiment, I moiften¬ 
ed it only once with the fame acid, when I got 
from it not quite a pint of air; but it was almoft 
all of the dephlogifticated kind, about five times 
as pure as common air. N. B. All the acids made 
a violent effervefcence with the red lead. 

Though there was a difference in the refult of 
thefe experiments, I was now convinced that it was 
the nitrous acid which the red lead had acquired 
from the air, and which had enabled it to yield 
the dephlogifticated air, agreeably to my original 
conjecture. Finding alfo, as will be feen in the 
following feCtion, that the fame kind of air is pro¬ 
duced by moiftening with the fpirit of nitre any 
kind of earth that is free from phlogifton, and treat¬ 
ing it as I had done die red lead in the laft-men- 
tioned experiment, there remained at that time 
no doubt in my paind, but that atmospherical air , 

or. 
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or the thing that we breathe, confifts of the nitrous 
acid and earth , with fo much phlogifton as is ne- 
ceffary to its elafticity; and likewife fo much more 
as is required to bring it from its ftate of perfeCt 
purity to the mean condition in which we find it. 

From the following experiments it will appear 
that the quantity of dephlogifticated air depends 
upon the quantity of the fpirit of nitre made ufe 
of in the procefs, die quantity of fixed air being 
nearly the fame in all the cafes. 

From an ounce of red lead, heated in a gun bar¬ 
rel, I got about an ounce meafure of air, which 
all together was worfe than common air; an effect 
which I attribute, in a great meafure, to phlogifton 
difcharged from the iron. The production of air 
in this cafe was very flow. 

From an ounce meafure of the fame red lead, 
diluted with half fpirit of nitre and half water, I 
got twelve ounce meafures of air, the laft produce 
of which was highly nitrous. Half of this quan¬ 
tity was abforbed by water, and the remainder was 
twice as good as common air. 

From an ounce of the fame red lead, diluted 
with die fame fpirit of nitre, without water, I got, 
by the fame treatment, about thirty ounce meafures 
of air, about one eighth of which was abforbed by 
water, while the reft was highly dephlogifticated. 


From 
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From the fame quantity of red lead, moiftened 
with twice the quantity of the fame fpirit of nitre, 
I got about fixty ounce meafures of air, a very 
fmall part of which was ablorbed by water, and 
the reft was as highly dephlogifticated as that in 
the laft experiment. 

The produce of air was quicker, with the fame 
degree of heat, in proportion as the quantity pro¬ 
duced was greater; and in the laft procefs the air 
was very red in the infide of the velfel that received 
it, for a confiderable time. 

For this purpofe I tried, with fuccefs, flowers cf 
zinc, chalk , quick lime , flacked lime , tobacco pipe clay , 
flint and Mujcovy talck , with other fimilar fubftances, 
which will be found to comprize almoft all the kinds 
of earth that are eflentially diftincft from each other, 
according to their chemical properties. 

I was the more confirmed in my idea of fpirit 
of nitre and earth conftituting refpirable air, by 
finding, that when any of thefe matters, on which 
I had tried the experiment, had been treated in the 
manner above-mentioned, and they had thereby 
yielded all the air that could be extracted from 
them by this procefs j yet when they had been 
moiftened with frefh fpirit of nitre, and were treated 
in the fame manner as before, they would yield as 
much dephlogifticated air as at the firft. This 
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may be repeated till all the earthy matter be ex- 
haufted. It will be fufficient to recite one or two 
fadls of this kind from my regifter. 

April 18, I took the remains of the frefh made 
red lead, out of which a great quantity of dephlo- 
gifticated air had been extracted, and moiftening 
about three quarters of an ounce of it a fecond time 
with fpirit of nitre, I got from it about two pints 
of air, all of which w'as nearly fix times as pure 
as common air. This air was generated very fait, 
and the glafs tube through which it was tranfmitted 
was filled with red fumes; the nitrous acid, I fup- 
pofe, prevailing in the compofition of the air, but 
being abforbed by the water in which it was after¬ 
wards received. 

In this, and many other procefles, my reader 
will find a great variety in the purity of the air 
procured from the fame fubftances. But this will 
not be wondered at, if it be confidered that a fmall 
quantity of phlogiftic matter, accidentally mixing 
with the ingredients for the compofition of this air, 
depraves it. It will alfo be unavoidably depraved, 
in fome meafure, if the experiment be made in a 
gun barrel, which I commonly made ufe of, when, 
as was generally the cafe, it was fufficiently exadt 
for my purpofe,on account of its being the eafieft, and 
in many refpe&s, the moft commodious inftrument. 

The 
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The reafon of this is, that if the produce of air 
be not very rapid, there will be time for die phlo- 
gifton to be difengaged from the iron itfelf, and 
to mix with the air. Accordingly I have feldom 
failed to find, that when I endeavoured to get all 
the air I poffibly could from any quantity of ma¬ 
terials, and received the produce at different times 
(as for my fatisfaftion I generally did) the laft 
was inferior in purity to that which came firft. 
Not unfrequently it was phlogifticated air j that is, 
air fo charged with phlogifton, as to be perfectly 
noxious. If, therefore, any perfon fhall propofe to 
make dephlogiflicated air, in large quantities, he 
ftiould have an apparatus appropriated to that pur- 
pofe; and the greateft care fliould be taken to 
keep the inftruments as clear as poflible from all 
phlogiftic matter, which is the very bane of purity 
with refpe< 5 t to air, they being exa< 5 tly plus and 
minus to each other. 

In thefe experiments I was led into an error by 
not giving fufficient heat to the mixture of red lead 
and vitriolic acid, or rather by ufing a gun barrel. 
Had I been then in pofTeffion of the excellent earthen 
tubes with which Mr. Wedgwood now furnifhes 
nie, I fhould have got as pure dephlogiflicated air 
from the vitriolic, as the nitrous acid. 
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SECTION III. 

A more particular Account of fome Proceffes for the 
Production of dephlogifticated Air , in okder to de¬ 
termine what Kind of Earth was moft proper tb 
mix with nitrous Acid for the Purpofe. 

H AVIN G feen fufficient reafbn, as I at firft 
thought, to conclude that refpirable air con- 
fifts of nitrous acid and earth, my objedt, in all 
this courfe of experiments, was fimply to find what 
kind of earth was moft proper for this purpofe, or 
which had the moft aptnefs to form this peculiar 
union with the nitrous acid. Upon the whole, I 
think it will appear that the metallic earths , if they 
be free from phlogifton, are the moft proper, and 
next to them the calcareous earths; but that a very' 
great difference in the production of this kind of air 
depends upon a variety of circumftances in which 
the experiments are made. 

The pureft air that I at that time procured was 
from flowers of zinc , moiftened, as in the other 
proceffes, with fpirit of nitre, and put into a glafs 
phial, with a ground-ftopper and tube. At firft 
I defpaired of getting any air at all from the pro- 

cefs j 
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cefs; but at length it came in a prodigious torrent, 
and was To cloudy, that the burfting of every bub¬ 
ble, after it had palled through die water, refem- 
bled the burfting of a bag of flour. The tube 
through which it was tranfmitted was exceedingly 
red, and in fome degree, the infide of the receiver 
too, as might be perceived amidft the thick cloud 
that filled it. This cloudinefs of the newly-gene¬ 
rated air, I have often perceived in the procels 
with red lead, but never in fo great a degree as 
in this cafe. 

The quantity of air procured was nearly three 
pints, from about half an ounce meafure of the 
flowers of zinc j and it was fo highly dephlogifti- 
cated, that it took three times its bulk of nitrous 
air before its dimenfions were increafed. When it 
had got only twice its bulk of nitrous air, it was 
reduced to lefs than one fifth of its original quan¬ 
tity. The laft produce came very flowly, and was 
not quite fo pure. The flowers of zinc, which I 
ufed in this experiment, formed a very hard and 
brittle fubftance, when mixed with fpirit of nitre, 
and dried. After the procefs it fwelled, and broke 
the phial into many pieces. 

Next to the metallic earths of lead and zinc, I 
found the calcareous earths the moft proper for the 
produ&ion of dephlogifticated airj but I had no 
opportunity of trying any great variety of them. 

Vol. II. K The 
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The beft that I did try was chalk. Having f a tu- 
rated half an ounce of it with diluted fpirit of nitre, 
and dried it, I got from it, in a gun barrel, more 
than a pint of air, which was highly dephlogifti- 
cated. I began to receive this produce in quick- 
filver, the confequence of which was, that the nitrous 
acid, coming over in the form of vapour, diffolved 
the quickfilver, and made nitrous air; but a cruft 
being formed upon the furface of it, prevented the 
folution of more, and the air continued red a long 
time. 

From another ounce meafure of chalk, treated 
in the lame manner, I got about a quart of air. 
What I took firft was conftderably nitrous, two 
meafures of common air and one of this, occupy¬ 
ing the fpace of two meafures and a half. The 
fecond pint was dephlogifticated; fo that two mea¬ 
fures of it, and five of nitrous air, occupied the fpace 
of two meafures. The laft was lefs dephlogifti¬ 
cated, being about one half better than common 
air. At this time the air was generated with pro¬ 
digious rapidity; the glafs tube dirough which it 
was tranfmitted was exceedingly red y and when 
in changing the veffels, fome of the vapour efcaped 
into the air, it had the reddeft appearance of any 
thing that I had ever feen of the kind. 

Having faturated half an ounce of exceedingly 
good quick-lime with diluted fpirit of nitre, dried 

it. 
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it, and put it into a gun barrel, I got from it about 
a pint and half of air, the firft part of which was 
fo far dephlogifticated, that it required an equal 
meafure of nitrous air to faturate it. The fecond 
was no better than common air, and the third was 
equal to the firft. In this procefs the air was pro¬ 
duced very- irregularly, fometimes coming in great 
quantities, and at other times the water would rufh 
back into the tube. 

I repeated the experiment with quick-lime, in a 
glafs phial and tube, when the whole quantity was 
fo pure, that it required twice its bulk of nitrous 
air to faturate it. The produce of air, in this ex¬ 
periment, was as irregular as in the preceding. 

It is fufficiently evident from thefe experiments, 
that dephlogifticated air is produced by means of 
all kinds of earth mixed with fpirit of nitre, only 
that a greater quantity of air is produced from 
fome than from others; the advantage in this re- 
fpedt being on the fide of the metallic and calcare¬ 
ous earths. The reafon, though I was not then 
aware of it is, that thofe earths, by their affinity to 
the nitrous acid, retain it till it can be adted upon 
by the fire. For in all cafes it is the acid only, 
and not the earth, from which the air comes. 

I would obferve, that this procefs feems to furnifti 
a pretty accurate teft, perhaps the moft accurate 
hitherto known, of the prefence of phlogifton in 
K 2 bodies. 
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bodies. Nitrous air contains fo much phlogifton, 
that I think, it cannot be produced unlefs the mate¬ 
rials themfelves contain it in a very confiderable 
degree. Whereas, if the air be highly dephlo- 
gifticated, I think it may be confidered as the moft 
fatisfa&ory proof we are yet acquainted with, that 
the fubftance contains no phlogillon at all. 

I had at this time made trial of no more than 
two of the metallic earths, viz. thofe of lead and 
zinc. The reafpn why I did not proceed any far¬ 
ther in this way was, that 1 knew not how to pro¬ 
cure the earths of the feveral metals in a ftate 
tolerably free from phlogifton, without which I was 
well aware they would have yielded nitrous or phlo- 
gifticated air, and not dephlogifticated. 

But I afterwards hit upon a method of coming 
at the pure earth of all the metals, with the lead 
trouble poffible, alfo of determining the quantity 
of phlogifton they each contain, with the quantity 
of pure earth which remains after all the phlogifton 
is expelled, and the quality of it, with refpedt to what 
I then thought its convertibility into air. T his is effect¬ 
ed by diffolving the metals completely, and diftilling 
the folution to drynefs in a glafs veffel, then employ¬ 
ing more fpirit of nitre, till as much as I pleafe of it be 
converted into air. If much phlogifton do not adhere 
to the calx of the metal, pure air will be procured at 
the very firft diftillation \ but if the earth be very im¬ 
pure, 
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pure, by containing much phlogifton, the whole of 
the firft produce will be nitrous, or phlogifticated 
^air, and pure air may not be procured till the 
fecond or third procefs. It was from copper that 
I firft procured air in this manner, as will be related 
prefently when I come to treat of air from that 
metal. But I chufe, for the fake of better order, 
to begin with my accounts of the more perfect 
metals , before I mention the more imperfect ones, 
and I ftiall relate all the appearances, though fome 
of them are not to the prefent purpofe. , 

I diflolved a quantity of gold in aqua regia, and 
found that it had loft four grains in weight. During 
this folution it yielded an ounce meafure of air, 
mixed with a good deal of acid vapour; for when 
lime water was admitted to it, though it did not 
become in the leaft degree turbid, it abforbed more 
than half of the air. After this I diftilled the folu¬ 
tion to drynefs, and got from it about half an ounce 
meafure of air, half of which, judging by die fame 
appearances, was acid vapour, and the remainder 
pure dephlogifticated air. A brownifh powder re¬ 
mained, which, being colle&ed as carefully as I 
could, weighed three grains; fo that the air above- 
mentioned had been produced from one grain of 
gold only, and probably fomething lefs. d he pow¬ 
der that remained was pure gold, being foluble in 
aqua regia , as I found fome months afterwards. 

K 3 This 
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This folution of gold was made in the common 
aqua regia , confiding of one fourth of marine acid 
and three fourths of fpirit of nitre; and it was re¬ 
markable that when I made another folution of 
gold in that kind of aqua regia which I made by 
impregnating marine acid with nitrous vapour, 
(which is a much more powerful mendruum for 
gold than the common aqua regia , yet containing 
lefs. fpirit of nitre) fo great a quantity of the air 
procured from the folution was not dephlogidi- 
cated. The particulars of this procefs were as 
follows. 

I diffolved a pennyweight of gold in this new, 
but more powerful kind of aqua regia ; and diddling 
the folution to drynefs, in a glafs phial, with a 
ground dopper, I got from it about eight ounce 
meafures of air, which did not make lime water 
turbid, but was fo much abforbed by water, that 
not more than one fourth of an ounce meafure was 
left; and this was not better than common air, but 
it might be a little depraved by fome part of the 
acid vapour dill remaining in it. When this pro- 
cefs approached to drynefs, the recipient was filled 
with an exceedingly thick and white cloud. In 
this experiment alfo the refiduum was intirely dif- 
folved by frefh aqua regia. 

In fome of thefe experiments I imagined that all 
the refiduum was not wholly diffolved by aqua 

l regia , 



135 


Seft. fIL dephlogisticated air. 

regiciy but the quantity undifiblved was exceedingly 
fmall, and might be fome impurity in the gold that 
I made ufe of. However, that a real calx cf gold 
was produced in thefe experiments, is, I think, pro¬ 
bable, from the tinge given to the glafs in which 
the procefs was made, which, when the heat was 
confiderable, was partly purple, and partly a dark 
gold colour, which no acid would touch. But I 
muft obferve, that a very flight tinge of the fame 
colour I once obferved to be given to a glafs vefiel 
of the fame kind, in which nitre only had been 
melted. 1 am not, therefore, abfolutely fure that, 
in the former cafe, the tinge was given by the gold, 
though I think it by much the moft probable fup- 
pofition. 

From four pennyweights fix grains of filver dif- 
folved in the nitrous acid, diluted with one third 
part of water, I got five ounce meafures of nitrous 
air j and removing the vefiel to a fand heat, I got 
a little very pure air, without any mixture of fixed 
air; but the vefiel breaking, I cannot tell how 
much more might have been procured. 

I poured diluted fpirit of nitre upon quickfiher, 
till 1 had got about three ounce meafures of nitrous 
air without the application of heat; when pouring 
out the undifiblved quickfilver, I P ut Solution, 
together with the cryftals (a third part of the vefiel 
being filled with them) into a land heat; when I 
K 4 got 
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got firft forty ounce meafures of nitrous air, and 
immediately after that about the fame quantity of 
the pureft dephlogifticated air. During the rapid 
production of this air, it was exceedingly white, and 
the tube through which it was conveyed, was very 
red with the redundant nitrous vapour. Towards 
the end of the procefs the tube was tranfparent, and 
colourlefs, though the air burft in white clouds 
within the recipient. 

The firft time that I procured dephlogifticated 
air from copper , was from the calx of that metal, 
which remained after I had diflolved a quantity of 
it in oil of vitriol in order to procure vitriolic acid 
air, and of which I had a pretty large quantity; 
having generally preferred this metal for that pur* 
pofe. This fubftance, when it was well dried, 
was white; but on putting fpirit of nitre upon it, 
and drying it again, it became green. From this 
fubftance, thus prepared, making ufe of a gun bar¬ 
rel, I got about twenty times its bulk of air, of 
which about one half was fixed air, being readily 
abforbed by lime water, and making it turbid • 
and the refiduum of the firft portion was nitrous 
air, but that of the laft dephlogifticated. 

In this manner I procured dephlogifticated air 
from a calx of copper previoufly formed, pouring 
fpirit of nitre upon it^ as I had done before on red 
lead, and the flowers of zinc; but I afterwards ef¬ 
fected 
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fe&ed the fame thing in an eafier manner, viz. by 
diftilling to drynefs the very folution of copper 
from which I had juft before produced nitrous air; 
which I at firft did with a view to afcertain whe¬ 
ther there was any fixed air in that folution. It is 
well known that the folution of copper in fpirit of 
nitre yields only nitrous air; but fome confidera- 
tions had led me to fufpeft that there might be 
fixed air in that folution, difcoverable by a boiling 
heat, in the manner in which I had applied it, in 
order to expel fixed air from water and various 
other fluids. 

With this view I filled a large phial with this 
folution, having a confiderable quantity by me, re¬ 
maining from moft of my experiments on nitrous 
air 1 having made it a rule, as much as poffible, tQ 
throw nothing away, if I could make room for it. 
No fixed air, however, was procured from this fo¬ 
lution in the manner that I had expeded; but con¬ 
tinuing to make it boil, and fupplying it with frefti 
liquor, as the preceding evaporated, I at length got 
into the phial all the folid materials of a very large 
quantity of that folution; and when it approached 
to drynefs, air came from it in very great abun¬ 
dance. I might have caught, I believe feveral 
quarts. A confiderable quantity I did colled, and 
found about half of it to be fixed air; and the re- 
fiduum dephlogifticated. The air was exceedingly 

cloudy. 
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cloudy, and mixed with much red vapour. After 
the procefs there remained a black powder. 

To this black powder I applied more fpirit of n i~ 
tre, when it prelendy became very hot, and fumed ; 
and^ being dried again aiiiimed a green colour, at¬ 
tracting much moifture from the air. Being again 
made thoroughly dry, I put it again into a gun bar¬ 
rel, and with a ftrong heat, got from it about two 
pints of air, which I received in three portions, and 
ooferved that one half of each was fixed air, the re- 
fiduum of the firft and lafb nitrous, and that of the 
middle dephlogifticated. That the laft refiduum 
was nitrous, I attribute to the gun barrel, efpech 
ally as the air came very fiowly. After this procefs 
very little of the black powder remained. 

Having got a quantity of nitrous air from iron, 
in the ufyal manner, that is, in a phial with a ground 
flopper and tube, where the common air had no ac- 
cefs to it, I immediately took the refiduum, with¬ 
out giving it an opportunity of getting any thing by 
communication with the external air; and, in a red 
fand heat got from it about the fame quantity of air 
that it had before yielded of nitrous air. One half 
of this was fixed air, precipitating lime in lime wa¬ 
ter, and being readily abforbed by water, and the 
remainder was altogether nitrous. 

It is evident from this experiment that iron con¬ 
tains more phlogifton than copper. The cork, in¬ 
deed. 
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deed, which I made ufe of in extracting this air, 
was evidently corroded in the experiment, and 
might contribute a little, both to the fixed and the 
nitrous air; but the fame cork had been ufed be¬ 
fore in the experiment with the copper, which, 
notwithftanding this circumftance, had yielded the 
pureft air. 

Being determined, if pofiible, to exhaufi the 
phlogifton in the calx of iron, by the addition of 
more fpirit of nitre, I repeated the procefs ; and 
ufing now a glafs phial with a ground ftopper, in a 
fand-heat, as before, I got three ounce meafures 
of air, which was highly dephlogifticated. A fmall 
part of this air, however, was evidently fixed air, 
making lime water turbid. 

The bulk of the refiduum was ftill of the fame 
dark brown colour with the common ruft of iron ; 
but towards the neck of the phial a part had been 
fublimed of a light red colour, and above that again 
was a powder of an exceedingly beautiful yellow, to 
appearance exactly like fulphur. 

I have not made trial of all the femi-metals ; hav¬ 
ing hitherto confined my experiments to zinc , bij- 
mutb and antimony, all of which yield a confiderable 
quantity of pure air by a direft procefs, bilmuth 
being not much inferior to zinc in this relpe ; but 
I have not made any accurate comparifon of them. 


Putting 
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Putting the fait formed by the fpirit of nitre and 
bifmuth into a glafs vefiel, and diftilling to drynefs, 
with a fand-heat, I procured from it about twenty 
times its bulk of air, in the firft part of which there 
was fome fixed air; but all the refiduum was pure 
dephlogifticated air, efpecially at the laft. 

Having poured a quantity of ftrong fpirit of nitre 
upon fome powder, and fmall fragments of antimony, 
the whole was reduced, after fome days, to a whitifh 
fubftance, of a pretty thick confidence, without 
yielding any air. A quantity of this folution I put 
into a glafs vefiel, and with a very ftrong fand-heat 
I got from it about ten times its bulk of air, about 
one third of which was fixed air, being readily ab- 
forbed by water, and making it turbid, and the re* 
mainder was dephlogifticated. Towards the end of 
the procefs the proportion of the fixed air was, as is 
ufual, very fmalJ, and the dephlogifticated air was of 
the pureft kind. 
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SECTION IV. 

Of the Production of depblogiflicated Air from the vi¬ 
triolic Acid and Metals . 

A S I have been, perhaps, more than any other 
perfon, indebted to what are commonly called 
accidents (I mean with refped to us ; for, in the ge¬ 
neral plan of nature, and with refped to that great 
Being who conduds and appoints every thing, there 
cannot be any fuch thing as accident) fo have I been 
very often prevented by other accidents from mak¬ 
ing valuable difcoveries, to which I had made near 
approaches. This was remarkably the cafe with 
refped to the produdion of dephlogifticated air 
from fubftances containing the vitriolic acid. For 
had I, in what I improperly fuppofedto be an expe- 
rimentum crucis , made ufe of the calx of perhaps any 
other metal befides lead, on which the vitriolic acid 
has no proper adion, I could not have failed to hit 
upon what the better genius of Mr. Landriani 
brought him acquainted with. Having, as I ob- 
ferved before, got a quantity of red lead which was 
in a date to give little or no air of itfelf, I got pure 

air 
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air from it, in great abundance, by means of the 
nitrous acid, but none at all by means of the vi¬ 
triolic or marine acid. I therefore concluded, that 
the nitrous acid, and not either of the other mi, 
neral acids, enters into the compofition of dephlo- 
gifticated, or atmofpherical air. 

It was not till after I had made the experiments 
before recited on manganefe, and other mineral fub- 
ftances, that I thought of fubjedting green vitriol\ 
and other faline matters, to die fame trial. It is 
true I had tried them before; but the method 
was not adequate to the purpofe. And though I 
had even got a fmall quantity of air confiderably bet¬ 
ter than common air from Roman vitriol , I had con¬ 
cluded that <c there muft certainly have been fome 
" nitrous acid in that Roman vitriol.” In this cafe, 
therefore, as in the experiments with nitre and 
alurriy I had made a difcovery without being fen- 
fible of the value of it, or indeed underfhnding it. 
Nor, when I relumed my experiments on vitriol, 
had I any expedition of getting from it any thing 
belides fixed air and water. However, having eve¬ 
ry thing at hand, a very flight motive was fufficient 
to induce me to include this among other articles 
deftined for the fame procefs. 

In this manner, therefore, without expedling the 
adtual refult, on the 24th of November 1777, I 
put an ounce of green vitriol into a glafs vefiel, and 

with 
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with a fand heat got from it, at fir ft, after the com¬ 
mon air was expelled, and the vapour of the water 
combined with it was come over, a little fixed air; 
then, after fome interval, a large quantity of vi¬ 
triolic acid air; the refiduum of which was at firft 
hardly perceivable, but was afterwards confiderable, 
and chiefly fixed air. When the refiduum was ftill 
more confiderable, I found that it was diminifhed 
by nitrous air. At length it had no mixture of vi¬ 
triolic acid air, but was very turbid, and appeared 
to be pure dephlogifticated air, except that, at the 
laft, it was not quite fo pure as before. Of this 
dephlogifticated air, I collected ten ounce meafures. 
What remained in the glafs vefiel was fix penny¬ 
weights, of a purplifh coloured ochre. 

Notwithftanding this evident produftion of a con¬ 
fiderable quantity of dephlogifticated air from green 
vitriol, which is a combination of iron and the vi¬ 
triolic acid, I ftill fufpe&ed, as in the cafe of the 
Roman vitriol mentioned before, that, by expofure 
to the common atmofphere, or in fome other un¬ 
known manner, this vitriol, which had been bought 
at a common fhop, might have got fome mixture 
of fpirit of nitre. I therefore made a quantity of 
vitriol myfelf, by diffolving iron filings in oil of vi¬ 
triol, diluted with water. This vitriol, treated as 
the former had been, yielded air of all the fame 
kinds, and in the fame proportions, as in the pre¬ 
ceding 


OBSERVATIONS ON 


Part L 


144 

ceding experiment; the dephlogifticated air, as 
then, being very turbid, and exceedingly pure. 
The firft air that came over was the common air 
in the veflel, a little phlogifticated. A very fmall 
quantity of fixed air was ftill obferved in the refi- 
duum of the vitriolic acid air, but none after the 
dephlogifticated air was procured. 

In making the vitriol for all the above mentioned 
experiments, I had taken care that the cryftals lhould 
be formed at the bottom of a deep glafs veflel, fo 
as to have no vifible communication with the ex¬ 
ternal air; and I had alfo covered die veflel as care¬ 
fully as I could during the procefs, and had Ipent 
as little time as poflible in conveying the vitriol from 
the veflel in which it was formed into that in which 
it was to be diftilled. I determined, however, to 
avoid the fmall objection to which this trifling ex- 
pofure to the air was liable, and therefore next 
made the diftillation in the fame retort in which 
the folution had been made, and in continua¬ 
tion of the fame procefs, fo that all communication 
with the external air was moft effectually precluded. 

For this purpofe I diffblved fix pennyweights 
four grains of iron in diluted Newman’s oil of vi¬ 
triol, and diftilling to drynefs in a retort with a long 
neck, I got from it, after the common air was ex¬ 
pelled, a fmall quantity of fixed air, a prodigious 
quantity of vitriolic acid air, and likewife about 

twenty 
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twenty two ounce meafures of the pureft dephlo- 
gifticated air. 

Being now fufficiently fatisfied that pure oil of vi¬ 
triol would always yield dephlogifticated air with 
iron, it only remained to try whether the ochre re¬ 
maining from the former experiment, from which 
air had been procured, would yield more air with 
more oil of vitriol, which*is the cafe with red lead 
and fpirit of nitre. 

Accordingly, -1 put more oil of vitriol to this re- 
fiduum (obferving that it became very hot by this 
mixture, as red lead does with fpirit of nitre) and 
then, with a red heat, in a glafs retort, it yielded a 
quantity of vitriolic acid air, no fixed air, but twen¬ 
ty four ounce meafures of dephlogifticated air; when, 
the retort being melted, a good deal of the air was 
necefTarily loft; for the produce of air had not be¬ 
gun to flacken when this accident happened; and 
removing the retort from the fire, I found only 
about half of the matter turned red, while the re¬ 
mainder was white. From this circumftance I con¬ 
cluded, that before I had not got more than half 
the air that it would have yielded. Refuming the 
procefs in a gun barrel, I a&ually got about as 
much air as I had done before. 

I had not now the leaft doubt remaining but that 
the acid of vitriol, at leaft with iron, is capable of 
properly generating dephlogifticated air, as well as 
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the acid of nitre with lead, or any other fubftance 
whatever. 

To complete my experiments on the vitriolic 
acid and iron, I took half an ounce of the common 
ruft of iron, fuch as is ufed by apothecaries ; and 
pouring upon it a quantity of that acid, obferved 
that it imbibed it very. eagerly* and became of a 
dark and almoft a black colour. Then ufing a gun 
barrel, I got from it two or three pints of air, all of 
which was fixed air, but with a large refiduum, 
about a third of the whole, phlogifticated air. 

As the common ruft of iron contains a good deal 
of phlogifton, I did not exped any better refult 
from this experiment. But having, in fome mea- 
fure, purified it by this procefs, I put more oil 'of 
vitriol to what remained of the ruft of iron, and then 
I got from it only a little fixed air, and fixteen ounce 
meafures of dephlogifticated air. 

Having got an indifputable produdion of pure air 
from iron , by means of the vitriolic acid, it was na¬ 
tural for me to proceed to fimilar experiments on 
other metals , with the fame acid. And, in the fiHt 
place, I made the proper trials With the tw6 re¬ 
maining kinds of vitriol, the blue , into which copper 
enters, and the white , which is compofed of zinc ; 
and having now no doubt remaining with refped to 
the purity of the vitriolic acid which enters into the 
eompofition of thefe kinds of vitriol, I contented 

myfelf 
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myfelf with fpecimens bought at the {hops, and did 
not think it neceftary to take the trouble to compofe 
them myfelf* ^ 

From about half an ounce of blue vitriol, in a glafs 
veflel, I got a little fixed air, and one ounce mea- 
fure of dephlogifticated air. The veflel breaking, 

I put the materials into a gun barrel, and then got 
from them about twenty five ounce meafures of de¬ 
phlogifticated air,* with hardly any more fixed air. 
The gre'ateft part of this air was very turbid. 

To finifh my experiments on the three vitriols, .1 
took an ounce of calcined white vitriol , and, with a 
gun barrel, I got from it a great quantity of vitriolic 
acid air, fome fixed air, with five ounce meafures 
of dephlogifticated air. At another time, from one 
.ounce of this kind of vitriol, but uncalcined, I got 
only about two ounce meafures of air, part ofwhich was 
fixed air, and part dephlogifticated air j not reckon¬ 
ing a great quantity of vitriolic acid air, which came, 
as ufual, before the dephlogifticated air. 

I did not drink it of much confequence to my 
purpofe to go through all the metals with this pro- 
cefs, and therefore only made a trial of fuch as I 
happened to have at hand. 

I diflolved an ounce of quickfilver, purified by 
agitation in water, in pure vitriolic acid, in a green 
glafs retort. During the diftillation to drynefs the 
retort broke i but colle&ing the materials as well 
Li as 
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as I could (in which perhaps one tenth of the whole 
might be loft) I put them into a frefti retort, and, 
expofing them to a red heat, got from them a great 
quantity of vitriolic acid air, a good deal of fixed air, 
and about fifty ounce meafures of dephlogifticated 
air. 

During the procefs the folution boiled violently in 
the form of a red liquor, while the upper part of 
the retort was coated with a whitifh fort of matter. 
As the heat reached this coating, it alfo became red; 
and during the whole procefs that which evaporated 
was collected on the fides of the retort, and then de- 
fcended to the bottom, like drops of blood, or red 
ink, fo as to make a very pleafing appearance. 
After the procefs, a very little reddilh matter re¬ 
mained at the bottom and on the fides of the retort, 
which, as well as that which was collected at the 
neck of the retort, became white when it was cold. 
Very little of the quickfilver was revived. 
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SECTION V. 

D.ephlogijlicated Air procured from other Subfiances , 
containing vitriolic Acid . 

F ROM an ounce of calcined alum , prepared 
fome months before, I got about fix ounce 
meafures of air, all quite as good as, or better than, 
common air, and without any fixed air in it. The 
procefs was in a gun barrel, and the refiduum of the 
alum was very hard. This I moiftened with oil of 
vitriol, ftill keeping it hard and dry ; and, in a gun 
barrel, it yielded again two or three ounce meafures 
of air, chiefly fixed air, and at laft fome that was 
about as good as common air. After this it was 
remarkable that this matter abforbed air, perhaps 
about an ounce meafure in all. This I obferved 
twice, and it may be worth while to inveftigate this 
circumftance a little farther. 

• I afterwards made one experiment in order to af- 
certain the quantity of this pure air, that a given 
quantity of alum could be made to yield. For this 
purpofe I put one ounce and fourteen pennyweights 

L 3 of 
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of calcined alum into ah earthen retort, and by 
means of a reverboratory furnace I extracted from 
it- one hundred ounce meafures of air, a fmall part 
of which was fixed air, and the reft fo pure, that 
with two equal quantities of nitrous air, the mea¬ 
fures of the teft were i.o. 

The water in which this air was received was 
ftrongly impregnated with vitriolic acid air. This 
air containing much phlogifton, and in a ftate in 
which it can be imparted to air, was, no doubt, 
the reafon why the air in this cafe was not fo pure as 
that which is obtained from nitre. Otherwife this 
• would be the cheapeft and beft mediod of procuring 
dephlogifticated air. 

Collecting what remained of the alum, it weighed 
fifteen pennyweights, and {till had the tafte of alum, 
though not very ftrongly.. More heat would pro¬ 
bably have expelled all the acid, and confequently 
would have procured more dephlogifticated air. Alfo 
had the • air been quite pure, it would, no doubt, 
have been much more in quantity. If the weight of 
the alum, and of the refiduum after this procefs be 
compared, it will be found that this one hundred 
ounce meafures of air occafioned the lofs of only 
nineteen pennyweights, that is, not quite an ounce 
of the alum, and fince the one hundred ounce mea¬ 
sures of dephlogifticated air would weigh about fixty 

fix 
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fix grains, tire weight of the vitriolic acid air, with 
which the water was impregnated, may be eftimated 

at fixteen pennyweights fix grains. 

Another time I got fixty ounce meafures of air 
from an dunce of alum, which is in about the fame 
proportion as in the former experiment. But it 
had been fo well calcined previous to this procefs, 
that fome of the air had probably been expelled in 
that operation j and Hill what remained tailed very 
fenfibly of alum. This air being examined, the 
meafures of the tell, with two equal quantities of 
nitrous air, were 1.4. There was hardly the lead 
fenfible quantity of fixed air produced. 

It is eafy to conceive, that till any fubftance be 
completely dephlogifticated, it cannot yield dephlo¬ 
gifticated air ; and it is fomething remarkable, that 
a red colour fhould be the criterion of dephlogiftica- 
tion, both in the calx of iron, and of mercury. 
Accordingly, when mercury is difTolved in fpirit of 
pitre, the produce is pure nitrous air, not only dur¬ 
ing the folution itfelf, butalfo during the applica¬ 
tion of heat to the yellow concrete mafs, that is 
formed by the evaporation of the folution ; and no 
dephlogifticated air is produced till the red preci¬ 
pitate is completely formed. But the'aft ion 0 eat 

upon this red fubftance is always followed by the 
production of pure air, as much as from t e preci¬ 
pitate per fe. 
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It is alfo evident from this experiment, that the 
air produced in it does not come from the atmof- 
phere, which has been conjectured with refped to 
fome of the procefies for procuring dephlogifticated 
air; but mull have been contained in the ingre¬ 
dients, viz. Ijhrit of nitre. 

To half an ounce of quick lime , I put oil of vi¬ 
triol till it weighed one ounce four pennyweights,, 
when it made a hard mafs. This I pounded, and 
putting it into a gun barrel, I got from it, in all, 
about ten ounce meafures of air, thegreateft part 
of which was fixed air ; but towards the laft, when 
the heat was as great as I could make it, in a com¬ 
mon fire, urged with a pair of bellows, the refi- 
duum was as good as common air, or rather better. 
This air came over very turbid. 

I concluded from many experiments on fub- 
ftances containing marine • acid, that it differs 
effentially from both the vitriolic and nitrous in this, 
that it cannot, by any combination whatever, be 
made to yield dephlogifticated air, at leaft with the 
degree of heat that I was able to apply. But 
Other perfons have procured it by means of this 
acid, as Mr. Landriani, who firft fucceeded in 
this procefs, and then Mr. Bertholet. I have now 
procured this air by means of the acetous acid i and 
though the fad is but of little confequence, and the 

expe- 
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experiment was made with another view, it may not 
be amifs to recite the particulars of it. 

Having mixed half an ounce of radical vinegar 
with two ounces of calcined whiting, I got from it, 
by heat, in an earthen retort, 350 ounce meafures 
of air, of Which about one third was fixed air, but 
more than this in the .firft: portions, and lefs in the 
laft. The ftandard of the refiduum in the firft 
portions was 1.66, in the fecond 1.42, and in the 
third 1.38 ; which was very near the purity of com¬ 
mon air. The whiting then weighed 760 grains. 
I then put a quarter of an ounce more radical vine¬ 
gar to it, and without taking any account of the 
quality of the air, only obferved that I got 120 
ounce meafures from it, and that the refiduum 
weighed 730 grains. After this I put to it a quar¬ 
ter of an ounce more*of the fame acid, and got from 
it 140 ounce meafures of air, of which the laft por¬ 
tion had in it no fixed air, and was confiderably bet¬ 
ter than common air 5 but of the exaft ftandard of 
it I find no note. The whiting then weighed 489 
grains. The air had always been very turbid, 
which accounts for the continual lofs of weight in 
thefe procefifes. 
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SECTION VI. 

Of the Extraction of dephlogifiicated Air from fever at • 
Mineral Suhftances. 

W ITH 110 other view than to try what kind, 
and proportion of air, different fubftances 
would give in a red heat, I entered upon the ex¬ 
amination of manganefe. Of this I procured a quan¬ 
tity finely pounded; and from an ounce of it I 
got, in a red fand heat, forty ounce meafures of air, 
part of which, in every portion, was fixed air, and 
at firft almoft wholly fo j buc four fifths of the lad 
was the purefl dephlogifiicated air. Even the firft 
that came over, which was the common air in the 
veffel, was not in the leaft phlogifticated. The 
manganefe had loft one pennyweight and a half 
of its weight, and was not to be diftinguifhed in 
colour (which was black) from what it had been 
before. A confiderable quantity of water came 
over during this procefs. 

That manganefe fhould give fixed air did not 
at all furprize me; fince there are few earthy fub¬ 
ftances that do not contain more or lefs of it ; but 
I did not at all expert the dephlogifiicated air } as, 
i before 
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before I had imagined that the nitrous acid was 
neceflary to the production of it, or at lead the 
influence of the atmofphere, which I fuppofed might 
depoflt the acid that entered into its compofltion, 
and which I concluded to be the nitrous. On the 
contrary here was pure air from a fubftance which, 
for any. thing that appeared, had always been in 
the bowels of the earth, and never had had any com- 
.munication with the external air$ and yet it ex¬ 
actly refembled red lead , both in yielding fixed air, 
and dephlogifticated air; and it is known that red 
lead, like the precipitate per Je cannot be made but 
in contad with the open air. 

I next made trial of fome lapis ccdamnaris , firft 
pounding it very finely, then putting an ounce of it 
into one of the fmall long necked retorts already 
mentioned, and with a red hot fand heat I got 
from it 306 ounce meafures of air; and making 
allowance for the lofs of air in changing the vefiels 
in which I received it, &c. I believe I may ftate 
the whole produce at 316 ounce meafures, the 
whole of which was fixed air, except four ounce 
meafures j and, what I did not at all exped, the 
refiduum, after the fixed air had been extraded 
from it by water, appeared to be nearly as good 
as common air. For one naeafure of it and one 
of nitrous air occupied the fpace of one meafure 
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and a quarter. Had the proper refiduum of fixed 
air been well extracted, the remainder would pro¬ 
bably have been dephlogifticated air. What re¬ 
mained of the lapis calaminaris weighed thirteen pen¬ 
nyweights fix grains, and had a lighter colour than 
before. This produce of air I took at different 
times, but the refiduum of the laft portion was but 
little better than that of the firfl. 

Spirit of nitre made no effervefcence, and pro- . 
duced no heat, in mixing with the lapis calaminaris. 

It alfo made no change of colour in it, and a very 
little of the acid was fufficient to make it fenfibly 
moift; in all which refpefts it differs very remark¬ 
ably both from red lead, and from manganefe. 

I next proceeded to the examination of the 
mineral fubftance called wolfram , from the mines 
of Cornwall. This I pounded, efpecially the black 
part of it, and treating it, in all refpedts, as 
I had done the lapis calaminaris, I procured 
from an ounce of it, not more than about an 
ounce meafure of air, a little of which was fixed 
air, but the remainder was about the ftandard 
of common air. It required a great and long 
continued heat to extraft this air, and I had nearly 
defifted from the procefs before any of it came. 
After the procefs the wolfram was, to all appear¬ 
ance,. the fame as before. Perhaps a greater degree 

of 
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of heat, in veffels proper for fuftaining it, would 
have produced a greater quantity of air. 

Thefe experiments fuggefted to me that, poflibly, 
the expulfion of dephlogifticated air from thefe, • 
and other mineral fubftances, might affift in fuftain¬ 
ing fubterraneous fires. For phlogifton fet loofe 
in the diflolution of all bodies by ignition muft be 
received by fome other fubftance, as it is not a 
thing that, as far as we know, can exift, except in 
combination with other fubftances; and we do not 
know of any thing that can combine with it fo 
readily as air and therefore we find that nothing 
can burn but in contaCt with air, and with change 
of air. 

When, indeed, phlogifton is fet loofe in the pu¬ 
trefactive procefs, air is not abfolutely necefifary. 
For, in that cafe, it may be communicated to 
water, and probably to other fubftances fluid or 
folid. It does not, therefore, certainly follow, that 
there can be no combuftion without air, though it 
be probable; becaufe phlogifton may be able to 
efcape without the help of air in one way, though 
not in another. The folution of the phenomena 
of fubterraneous fires would certainly, however, be 
much eafier on the fuppofition of their fupplying 
their own* pabulum, by means of dephlogifticated 
air, contained in fubftances expofed to their heat. 

I there- 
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I therefore defired Mr. Landriani, who, being in 
Italy, had a good opportunity of making inquiries 
on the fubje#, to inform me whether any of thofe 
fubftances, and particularly manganefe , be. found 
in their volcanos; and his anfwer makes it rather 
probable that thofe fires are, in part, fuftained by 
this means. The extra# of his letter, tranflated 
from the Italian, is as follows. 

“ With refpe# to what you defire to be inform- 
“ ed of, concerning the volcanic productions, there 
« is found in the zolfatara of Pozzuolo a great 
« quantity of martial vitriol ; but I do not know 
« that there is any manganefe, or lapis calaminaris, 
« found there. The Abbe Fortis, who has lately 
“ examined the extinguifhed volcano of Verona, 
“ aflures me that, befides martial vitriol, he has 
<c found a quantity of manganefe there. Sig. 
« Volta, having repeated the experiments that I 
tc communicated to him, has lately informed me, 
“ that he has found dephlogifticated air in calcined 
tc rocbe alum , a fubftarfce which is found in great 
tc quantities in all volcanos; fo that it is out of 
« d ou bt, that fubterraneous fires are continually 
« f e d with dephlogifticated air, diflodged from 
« fubftances proper for fupplying it.” 

It is very probable, that other mineral fubftances 
may contain dephlogifticated air as well as thefe; 

and 
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and it is certainly very well worth while to add this 
procefs to the chemical analyfes of them. Whether 
the fubftance be converted into air, or whether it 
contain the air, in a condenfed or combined ftate, 
like fixed air in chalk, it is (till of importance to 
know what kind of air they may be made to yield 
by heat; and in time we .may be able to afcertain 
the true origin of fuch air. 


PART 
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P A R T II. 

OF THE PROPERTIES AND USES OF DEPHLOGIS- 
TICATED AIR. 


S E C T I O N I. 

Of Combujlion and Refpiralion in dephlogifticated Air\ 

I Have not made many experiments on the mix¬ 
ture of dephlogifticated air with the other kinds 
of air, becaufe the analogy which it bears to com¬ 
mon air is fo great, that I think any perfon may 
know before-hand, what the refult of fuch experi¬ 
ments would be. It is pleafing, however, to ob- 
ferve how readily and perfe&ly dephlogifticated air 
mixes with phlogifticated air, or air injured by 
refpiration, putrefaction, &c. each tempering the 
other; fo that the purity of the mixture may be 
accurately known from the quantity and quality of 

the 



Sift. I. 


DEPHLOGISTICATED AIR. jgj 

the two kinds of air before mixture. Thus, if one 
mealitre of. perfeftly noxious air be put to one 
meafure of air that is exaftly twice as good as com¬ 
mon a.r, the mixture will be about the llandard of 
common air. 

I obferved alfo, in making this experiment, that 
a tei , m ixing one meafure of each of thefe kinds 
of air, they made exactly two meafures j fo that 
there was neither any increafe nor diminution of 
quantity in confequence of the mixture, as is the 
effect of mixing nitrous air with either common or 
dephlogifticated air. 

It may hence be inferred, that a quantity of very 
pure air would agreeably qualify the noxious air of 
a room in which much company fhould be con¬ 
fined, and which Ihould be fo fituated, that it could 
not be conveniently ventilated; fo that from being 
offenfive and unwholefome, it would almoft in- 
ftantly become fweet and wholefome. This air 
might be brought into the room in calks j or a la¬ 
boratory might be conftru&ed for generating the 
air, and throwing it into the room as fall as it 
Ihould be produced. This pure air would be fuf- 
ficiently cheap for die purpofe of many aflemblies, 
and a very little ingenuity would be fufficient to 
reduce the fcheme into pradtice. 

My reader will not wonder, that, after having 
afcertained the fuperior goodnefs of deohlogifticated 
Vo i. II. m 
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air by mice living in it, and the other tefts above- 
mentioned, I fhould have the curiofity to tafte it 
myfelf. 1 have gratified that curiofity, by breath¬ 
ing it, drawing it through a glafs fyphon, and, by 
this means, I reduced a large jar full of it to the 
ftandard of common air. The feeling of it to my 
lungs was not fenfibly different from that of com¬ 
mon air j but I fancied that my breafl felt pecu¬ 
liarly light and eafy for fome time afterwards. Who 
can tell but that, in time, this pure air may be¬ 
come a fafhionable article in luxury. Hitherto 
only two mice and myfelf have had the privilege 
of breathing it. 

Some of my friends have expreffed a little doubt 
about the certainty of the teft of nitrous air, as a 
meafure of the wholefomenefs of refpirable air in 
general, and of dephlogifticated air in particular. 
To this I can only fay, that every thing I have yet 
obferved leads me to depend upon the accuracy of 
this teft, with refpedt to dephlogifticated as well 
as common air j and, according to what I fhould 
think to be the faireft method of computation, de¬ 
phlogifticated air ferves even longer for refpiration 
than, & from this method of examining it, I lhould 
have conjectured a priori. 

The moft natural method, as I fhould think, 
for eftimating the purity of air, and thereby judg¬ 
ing of the time that any given quantity of it would 

fuffice 
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fuffice for the purpofe of refpiration, would be to 
find the quantity of phlogifton that is required to 
faturate it, or which comes to the fame thing, the 
quantity of nitrous air that is required to bring it 
to the ftate of perfeftly phlogifticated air. But a 
moule will live much longer in a given quantity of 
dephlogifticated air, than in this proportion, with 
refpeft to common air; owing, I fuppofe, to the 
animal not throwing out equal quantities of phlo¬ 
gifton in equal times, but much lefs at the laft, 
when the vital powers are languid, than at the 
firft. 

I have a glafs veffel which I have made ufe of 
in all my experiments with mice, from the begin- 
ing of my refearches into this fubjeft, a confider- 
able time before I had difcovered nitrous air In 
this vefle], which was a tall beer glafs, and 
which holds about two ounce meafures of air 
when a moufe of a middle fize is confined in it 
I never knew it to live longer than half an 
hour, and in general they have not furvived twenty 
minutes. Suppofing, however, the full time for 
a moule s breathing the common air contained in 
this vefiel to be half an hour, I lhould not have 
expe&ed that a fpecies of air which required only 
four times as much nitrous air to faturate it, would 
fuffice for the refpiration of the fame animal more 
than four times as long* and therefore that in this 
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veflel of dephlogifticated air, which at a medium 
requires about that proportion of nitrous air to 
faturate it, a moufe might live about two hours. 
But I believe that mice in general will live con- 
fiderably longer in that quantity of dephlogifticated 
air. 

I lately put a young moufe into that very veflel, 
filled with dephlogifticated air, fuch as when mixed 
with two equal quantities of nitrous air, the meafures 
of the teft were 0.55. It continued there near three 
full hours; and being taken out alive, the air was found 
to be fo far from being phlogifticated, that it was ftill 
confiderablv better than common air j for, with an 
equal quantity cf nitrous air, the meafures of the 
teft were 1.05. Perhaps this moufe being languid, 
in confequence of its confinement, did not phlo- 
gifticate the air fo faft as it would have done had 
it been more vigorous. But then this may in 
general be expected to be the cafe with all mice, 
in the fame fttuation. 

I once obferved, that I could never make mice 
Jive in dephlogifticated air till they had completely 
phlogifticated it, and l could not, at the time of 
writing that article, aftign any fufficient reafon for 
the faft. Being unwilling to leave this difficulty 
unfolved, I repeated the experiment; and putting 
a vigorous moufe into about ten ounce meafures 
of this air, it continued fome hours feemingly at its 

eafe, 
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eafe, but died while the air was fo pure, that, with 
two equal quantities of nitrous air, the mealiires of 
the teft were confiderably lefs than 1.0. 

I then put another young moule into the re¬ 
mainder of the air, and it alio continued at its eafe 
two or three hours j but then feemed to be expiring, 
its relpiration being very languid, and fo flow, that 
I feveral times concluded it was abfolutely dead. 
I did not at firft fufped that it could be affetted 
by cold, when other mice lived very well in a wire 
cage in the fame room; for it had foon become 
quite dry after palling through the water, and had 
never Ihewn any fign of uneafinefs. But bringing 
it near the fire, when the heat was about eighty or 
ninety degrees (though I removed it occalionaliy 
when it feemed to be uneafy on that account) it 
lived feveral hours longer, and when it died the 
air was as completely phlogifticated as common 
air is generally found to be when mice have died 
in it. 

This experiment fully fatisfied me, that it was 
nothing in the dephlogifticated air itfelf that was 
the reafon that mice could not live in it. I ob- 
ferved before, that a moule is a tender animal, and 
after palling through water, requires a confiderable 
degree of warmth; but I did not fufpeft that it 
required fo much, and fuch a continuance of it, as 
I found in this particular cafe. 

^3 I eafily 
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I eaiily conjectured that inflammable air would 
explode with more violence, and a louder report, 
by the help of dephlogifticated than of common 
air t but the effeCfc far exceeded my expectations, 
and it has never failed to furprize every perfon be¬ 
fore whom I have made the experiment. 

Inflammable air requires about two thirds of 
common air to make it explode to the greateft ad¬ 
vantage ; and if a phial, containing about an ounce 
meafure and a half, be ufed for the experiment, the 
explofion with common air will be fo fmall, as not 
to be heard farther than, perhaps, fifty or fixty 
yards; but with little more than one third of highly 
dephlogifticated air, and the reft inflammable air, 
in the fame phial, the report will be almoft as loud 
as that of a fmall piftol •, being, to judge by the ear, 
not lefs than forty or fifty times as loud as with 
common air. 

The orifice of the phial in which this experiment 
is made, Ihould not much exceed a quarter of an 
inch, and the phial Ihould be a very ftrong one; 
otherwife it will certainly burft with the explofion.. 
The repercuflion is very confiderable; and the heat 
produced by the explofion very fenfible to the hand 
that holds it. I have fometimes amufed myfelf 
with carrying in my pocket, phials thus charged 
with a mixture of dephlogifticated and inflamma¬ 
ble air, confined either with common corks or 

ground 
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ground ftoppers, and I have perceived no differ¬ 
ence in the explofion, after keeping them a long 
time, and carrying them to any diftance. 

The dipping of a lighted candle into a jar filled 
with dephlogifticated air is alone a very beautiful 
experiment. The ftrength and vivacity of the flame 
is ftriking, and the heat produced by the flame in 
thefe circumftances is alfo remarkably great. But 
this experiment is more pleafing, when the air is 
only little more than twice as good as common air ; 
for when it is highly dephlogifticated, the candle 
burns with a crackling noife, as if it was full of 
fome combuftible matter. 

It may be inferred, from the very great explo- 
fions made in dephlogifticated air, that, were it 
poffible to fire gun-powder in it, lefs than a tenth 
part of the charge, in all cafes, would fuffice; the 
force of an explofion in this kind of air, far exceed¬ 
ing what might have been expected from the purity 
of it, as fliewn in other kinds of trial. But I do 
not fee how it is pofiible to make this application 
of it. I Ihould not, however, think it difficult to 
confine gun-powder in bladders, with the inter¬ 
faces of the grains filled with this, inftead of com¬ 
mon air; and fuch bladders of gun-powder might, 
perhaps, be ufed in mines, or for blowing up rocks, 
in digging for metals, dec. 

M4 
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Nothing, however, would be eafier than to aug¬ 
ment the force of fire to a prodigious degree, by- 
blowing it with dephlogifticated air inftead of com¬ 
mon air. This I have tried, in the prefence of my 
friend Mr. Magellan, by filling a bladder with it, 
and puffing it, through a fmall glafs tube, upon a 
piece of lighted wood; but it would be very eafy 
to fuppiy a pair of bellows with it from a large 
refervoir. 

Poffibly much greater things might be effected 
by chemifts, in a variety of refpeCts, with the pro¬ 
digious heat which this air may be the means of 
affording them. I had no fooner mentioned the 
difcovery of this kind of air to my friend Mr. 
Michell, than this ufe of it occurred to him. He 
obferved that poffibly platina might be melted by 
means of it. Thefe conjectures have been abun¬ 
dantly verified by the experiments of Mr. JLavoifier 
and others. 

From the greater ftrength and vivacity of the 
flame of a candle, in this pure air, it may be con¬ 
jectured, that it might be peculiarly falutary to the 
lungs in certain morbid cafes, when the common 
air would not be fufficient to carry off the phlogiftic 
putrid effluvium fall enough. But, perhaps, we 
may alfo infer from thefe experiments, that though 
pure dephlogifliicated air might be very ufeful as a 
medicine , it might not be fo proper for us in the 

ufual 
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ufual healthy ftate of the body; for, as a candle 
burns out much fatter in dephlogifticated than in 
common air, fo we might, as may be faid, live out 
too fafti and the animal powers be too foon ex- 
haufted in this pure kind of air. A moralift, at 
leaft, may fay, that the air which nature has pro¬ 
vided for us is as good as we deferve. 

Whether the air of the atrnofphere was, in re¬ 
mote times, or will be in future time, better or 
worfe than it is at prefent, is a curious fpeculation; 
but I have no theory to enable me to throw any 
light upon it. Philofophers, in future time, may 
eafily determine, by comparing their obfervations 
with mine, whether the air in general preferves the 
very fame degree of purity, or whether it becomes 
more or lefs fit for refpiration in a courfe of time; 
and alfo, whether the changes to which it may be 
fubjedt are equable , or otherwife; and by this means 
may acquire data , by which to judge both of the 
paft and future ftate of the atmofphere. But no 
obfervations of this kind having been made in 
former times, all that any perfon could now ad¬ 
vance on this fubjedt would be little more than 
random conjecture. If we might be allowed to 
form any judgment from the length of human life 
in different ages, which feems to be the only datum 
that is left us for this purpofe, we may conclude 

that, 
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that, in general, the air of the atmofphere has, for 
many ages, preferved the fame degree of purity. 
This datum , however, is by no means fufficient for 
an accurate folution of the problem. 


SECTION II. 

Of the very great Purity offome dephlogiflicated Air, 

I T appears from my firft obfervations on the pro¬ 
perties of dephlogifticated air, that, in general, that 
when two equal meafures of nitrous air are mixed 
with one meafure of it, the whole is reduced to half 
a meafure, and fometimes, when I thought it pe¬ 
culiarly pure, to one fixth of a meafure. I have 
fince, on one particular occafion, produced this kind 
of air in a ftate of fo much greater purity as appeared 
very extraordinary to mylel£ and I doubt not will 
be thought fo by others. 

Having, for a purpofe that has been mentioned in 
the account of my obfervations on fixed air, kept a 
folution of mercury in fpirit of nitre for feveral 

months. 
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months, in a phial with a ground ftopper, I put it 
into a retort with a long neck, and, in a fand heat, 
received in the firft place, the nitrous air it yielded, 
and then without removing the retort from the fire, 
the dephlogifticated air. Ufing both the nitrous and 
dephlogifticated air of the fame produce, I obferved 
that two meafures of the former and one of the lat¬ 
ter mixed together, occupied, after the effervefcence 
was over, the fpace of no more than three hundred 
parts of a meafure. 

It was impofiible for me to be miftaken with re- 
fpedt to this remarkable fad: ; for the tube in which 
I meafured the refiduum was fo long, in proportion 
to the capacity of the phial which I ufed as a mea¬ 
fure, that a hundredth part of a meafure exceeded 
the eighth of an inch. Repeating the experiment, 
I found that two meafures of nitrous air were rather 
more than fufficient to faturate one meafure of the 
dephlogifticated air; fo that, poflibly, had the for¬ 
mer experiment been made with more circumfpec- 
tion, the diminution, extraordinary as it was, would 
have been fomewhat greater. Indeed it cannot be fup- 
pofed, that exaftly two meafures of nitrous air fhould 
be the precife quantity that would produce the 
greateft diminution. It fhould alfo be confidered, 
that a fmall portion of air might be yielded by the 
water in which the experiment was made. 


Upon 
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Upon the whole, therefore, I am inclined to think 
that, were it pofiible to make both the nitrous and 
dephlogifticated air in the greateft purity, and then 
to mix them in fome exadt proportion, the aerial 
form of them both would be entirely deftroyed, the 
whole quantity feeming to difappear, as in the mix¬ 
ture of alkaline and acid air. But whereas a white 
faline fubftance is the immediate vifible refult of this 
mixture, there is no vifible produce from the other, 
the whole, whatever it be, being diflolved in the 
water j fo that, this would probably be the more 
ftriking phenomenon of the two; and the mixture 
of acid and alkaline air never fails to excite a good 
deal of aftonifhment, efpecially when they are pre- 
vioufly made, and contained in feparate vefiels 
and then fuddenly mixed together, by transferring 
them from one velfel to another in a trough of quick¬ 
silver. 
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SECTION III. 

Qf precuring dephlogijlicated Air in large Quantities, 
and ejpecially from Nitre. 

I MAGINING that the difeovery of dephlogifti- 
cated air might prove a very iifeful one, if a 
quantity of it could be made very cheap , as it would 
be eafy enough to contrive methods, by which it 
might be breathed, provided it fhould be thought 
advifeable, in certain morbid ftates of the lungs and 
animal fyftem ; I have had various fchemes for pro¬ 
ducing it in large quantities, by cheap procefies ; 
but none that I have tried have as yet anfwered. I 
do not, however, defpair ; and fome perfon of a 
happier invention, giving that attention to the fub- 
je£t which it feems to deferve, may be more for¬ 
tunate. 

The cheapeft method of procuring dephlogifti- 
cated air in large quantities that we are yet acquainted 
with, is to extratt it from nitre by means of heat; 
and in general no more has been got from an ounce 
of nitre than about 100 ounce meafures of air. The 
reafon of which has been, that, in order to get it 
pure, glajs vejfels have been ufed ; and after a part 
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of the acid has been expelled, the remaining alkali 
has difiolved the glafs, and the procefs has of courle 
terminated. But by means of Mr. Wedgwood’s ex¬ 
cellent earthen retorts, I have been able to get fuch 
quantities of diis air from nitre, as to myfelf, and 
all my friends, appeared very extraordinary. 

From two ounces of nitre, in an earthen retort, and 
with an intenfe white heat, raifed by fuch a furnace 
as Dr. Black has conftru&ed, I got at firft five hun¬ 
dred ounce meafures of air, the whole confiderably 
dephlogifticated, and with very litde fixed air. 
With the firft produce the meafures of the teft were 
0.7 ; but the laft part of the produce came flowly, 
and the meafures were 1.3, which fhews that the 
air was confiderably injured by fomethingin the re¬ 
tort. For the air procured by this procefs in glafs 
is more pure, the meafures of the teft being gene¬ 
rally lefs than 0.5. 

What remained in the retort was a dark green or 
blue fubftance, extremely acrid to the tafte, and deli- 
quefcent, weighing, when it was taken out of the 
retort, about eighteen pennyweights. The air 
would have weighed about thirteen pennyweights, 
and the water of cryftallizadon, which is eighteen 
parts in 110 of the water, fix pennyweights and a 
half, fo that three pennyweights remain to be ac¬ 
counted for of the two ounces. This laft was, in 
part, an acid vapour diffufed through the air, and 

not 
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not incorporated with it j for whenever I emptied 
any of the velfels of this air, I perceived a very pun¬ 
gent fmell. Part of the lofs alfo was the while cloud 
with which the air was often filled when it was pro¬ 
duced. 

f r° m the fame quantity of purified nitre, in one 
of Mr. Wedgwood’s retorts, I got 787 ounce mea¬ 
sures. The air procured in this manner is never of 
the pureft kind ; and the flandard of this, from the 
firft to the laft, with two equal meafures of nitrous 
air, was only 1.25. I conduced this procefs fo 
that the air was very little turbid, and yet there 
was fomething acid difcovered by the fmell in every 
portion of it. In another procefs I got 796 ounce 
meafures of air, and the retort was diffolved before 
the procefs was completed. But the largefl quan¬ 
tity that I ever got from two ounces of nitre was 
8 12 ounce meafures, and this was purer than any 
I had got before in this way, the flandard of die 
greateft part of it being 0.95, though at the very 
lafl 1.5. In all cafes I have obferved, that the purer 
the air is, the greater is the quantity. For it can 
only be rendered impure by fome phlogiflic matter 
uniting with the purefl part of it, and forming, in 
many cafes, as I am inclined to think, phlogifticated 
air. In this experiment the lofs in the nitre was 531 
grains. The air would have weighed fomething 
more than 487 grains, fo that more than one half 
1 of 
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of the weight of the nitre was reduced to the form 
of air; and there remained thirty four grains for the 
Water of cryftallization, &c. 

In thefe experiments it was a matter of fome con- 
fequence to determine whether any acid remained in 
the nitre after all the air was come over; and as the 
vitriolic acid has a ftronger affinity with the bafe of 
the nitre, there appeared to be no better method of 
determining this, than to put oil of vitriol to it, and 
endeavour to make nitrous acid. Accordingly, in 
the former precedes, I had always been able to get 
nitrous acid, or nitrous air, from what remained of 
the nitre, after the dephlogifticated air was expelled 
from it. Thus from half an ounce of the faline 
refiduum which remained from one of the precedino- 
procefles, I got nine ounce meafures of nitrous 
air. 

To thefe circumftances I gave particular atten¬ 
tion in my future experiments. To that which re¬ 
mained of the laft mentioned experiment, in which 
I procured 812 meafures of air from two ounces of 
nitre, I put oil of vitriol and water. But though it 
was expofed to heat till the water was diftilled over 
I did not get half an ounce meafure of air more than 
the veflel contained; and this was dephlogifticated. 
Confequently, all the nitrous acid had been expelled 
from this nitre. 


The 
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The colour of the alkaline matter to which the ni¬ 
tre was reduced in thefe earthen retorts, was a deep 
green, owing, perhaps, to fomething of the earth in 
the retort; for in a porcelain veffcl, I, atone time, 
had it perfe&ly white. 

At Mr. Watt’s requeft, I endeavoured to afcer- 
tain the quantity of acid that was expelled from ni- 
tre, in procuring the dephlogifticated air from it. 
To do this, I put two ounces of purified nitre into 
a glafs retort, and receiving the air in 300 ounce 
meafures of water, only filled each recipient half 
full, and agitated the air very much in the water, 
in order to make the water imbibe as much as pof- 
fible of the acid that it contained. However, not- 
withftanding this agitation, every vefiel of the air re¬ 
tained a ftrong fmell of the acid. 

I afterwards examined a portion of this water, by 
expelling air from it, and did not find it to contain 
more air than water generally does, but what I did 
get from it was confiderably phlogifticated. 
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SECTION IV. 

Of the IVhite Matter depofited in the Production of 
dephlogifticated Air. 

I N the rapid produ< 5 bion of all kinds of air from 
earthy materials, I have frequently obferved 
that there is a quantity of fuperfluous ‘white matter 
depofited in the cold water in which it is received. 
This earth feems to have been held in folution in the 
air while it was hot, becaufe it was then quite tranf- 
parent, and did not become turbid till it was cool ; 
and this was one reafon why I once thought that an 
earth is the proper bafis of all fuch kinds of air. 
For if fome earth be certainly held in a proper folu¬ 
tion, fo as to make a conftituent part of the air 
while hot, as its tranfparency feems to prove, and 
it be only depofited by cold* fome of the earth muft, 
I thought, be retained by it in every degree of heat, 
and therefore in the temperature of the atmofphere. 
And perhaps no degree of cold can deprive it of all 
the earth that it contains. If it lhould, I fhould 
have imagined that, as nothhg but the acid principle 
would remain, it would th en, like any other acid 
4 <“ r r 
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air y become liable to be immediately abforbed by 
water. 

This earthy matter when incorporated with the air, 
I imagined to be then the fame things from whatever 
fubftance the air had been produced, being di¬ 
verted of every thing that was peculiar to the fubftancc 
from which it had been expelled; juft as the acidifying 
principle , in the compofttion of dephlogifticated air, is 
probably the fame thing, whether die air had been 
produced from materials containing fpirit of nitre, 
or oil of vitriol. If this reafoning be true, we ftioiild, 
I thought, be in poflefTion of a method of obtaining 
a truly primitive earthy or an earthy principle com¬ 
mon to all eardis, and all metallic calces whatfo- 
ever, fince dephlogifticated air may, as I had fhewn, 
be produced from them all. The following obfer- 
vations, however, may perhaps lead to a contrary 
conclufion, or, that earth depofited from dephlo¬ 
gifticated air produced from different materials, has 
not, in all refpeds, the fame properties. 

Having collededfome of the white powder dif- 
fufed through a quantity of dephlogifticated air, 
procured from minium arid fpirit of nitre, I obferv- 
e d that when it was dry, it was of a grey colour, 
and that it was not, at leaft immediately, affeded 
y fpirit of fait. When it was heated in a glafs 
tube, by means of the flame of a candle and a blow- 
P ! pe> it fumed copioufly, and covered the infide of 
N a the 
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the tube with a white fubftance; that which was 
not fublimed becoming black. When it was laid 
upon a red hot iron, it fmoked very much, and 
became of a brown colour. But in none of its forms 
was it quickly affefted by ipirit of fait, though after 
twelve hours this acid did acquire an orange colour, 
both from the black and the brown matter. 

At the fame time I had by me a quantity of 
v/hite matter which, as I believe, had been colledted 
in a fimilar manner, when I procured dephlogifti- 
cated air from red precipitate ; but having loft the 
label, I could not be ablolutely certain. This mat¬ 
ter was perfectly white when dry, and bore a red 
heat without any fenfible change, nor was it affedted 
by Ipirit of fait. 

I once collected a quantity of this fubftance, and 
found that it continued in the form of a white pow¬ 
der. It made no effervefcence with ipirit of nitre, 
but feemed to be in part, though not wholly, dif- 
folved in it. 
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MISCELLANEOUS observations relating to 

DEPHLOGISTI CAT ED AIR. 


i. Of the Detonation of Nitre. 

T^HE difcovery of dephlogifticated air throws 
great light on many very important fads in 
chemiftry, but upon none more than upon that 
very difficult and ftriking one, of the detonation of ni¬ 
tre, concerning which the moft improbable con- 
jedures had been advanced by the moft eminent 
philofophers andchemifts. This detonation is the 
fudden inflammation produced by the eontad of va~ 
nous fubftances containing phlogifton and nitre, 
■wben either of them is red hot. 1 he hypothefts 
that has been thought the moft fatisfadory is that of. 

N 3 Mr, 
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Mr. Macquer, who fuppofes that, in thefe circum- 
fiances, an union is formed between the pure nitrous 
acid and phlogifton, fimilar to that which is formed 
between the vitriolic acid and phlogifton in the com- 
pofition of fulphur. He therefore fuppofes that, in 
this cafe, a nitrous fulphur is formed, and that this 
fubftance is of fo inflammable a nature, that it cannot 
exift a moment without adual ignition. 

But I would obferve that, fuppofing this hypo¬ 
thetical nitrous fulphur to be actually formed, yet if 
it refemble other combuftible fubftances, the vitri¬ 
olic fulphur for inftance, or any other whatever, in 
a property that is common to them all without ex¬ 
ception, it cannot be inflamed but in contad with 
air ; which, according to conclufions clearly drawn 
from my experiments, and all other obfervations, is 
faturated with phlogifton by the procefs, and when 
faturated can take no more, let the fubftance that is 
heated in it be ever fo combuftible; and confequent- 
ly, in thofe circumftances, all inflammation muft 
be impoflible. Whereas Mr. Macquer acknow¬ 
ledges, that this nitrous fulphur is capable of the 
moft violent inflammation in the clofeft veflels, 
where there is no accefs of air, and it is well known 
that compofitions of gunpowder are made to burn, 
even under water. 

Now the dodrine of dephlogifticated air fupplies 
the eafieft fblution imaginable of this very difficult 

phenomenon, 


Sett. I. dephlogisticated air. 183 

phenomenon. For it appears that the nitrous 
acid cannot be heated to a certain degree, 
without producing dephlogifticated air; by the 
help of which all combuftible fubftances burn 
with the greateft violence, much more than 
they can be made to burn with in common air. 
Here then, I fuppofe that the moment the acid 
of nitre, contained in the nitre, and the earth 
of the coal, for example, thrown into it be¬ 
come red hot, in contact with each other, dephlo¬ 
gifticated air is produced; and in this air the re- / 
mainder of the charcoal, being likewife red hot, 
burns with the violence that is obfervable in the 
experiment; while, at the fame time, other por¬ 
tions of the nitrous acid are forming, more dephlo¬ 
gifticated air; and thus the detonation continues, 
till all the charcoal, or all the nitre, is conliimed; 
the acid not being /<?/?, as fome chemifts exprels 
it, but entering into the compofition either of the 
dephlogifticated air, or of fome other kind of air, 
that may be generated in the procefs. 

Let any perfon but attend to the phenomena of 
the detonation of charcoal in nitre, and that of the 
dipping a piece of hot charcoal into a jar of de¬ 
phlogifticated air, and I think, it will be impoftible 
for him not to conclude that the appearances are 
the very fame, and muft have the fame caule. 

N 4 There 
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There is the fame intenfe incandefcence, and the 
fame rapid confumption of the charcoal in both 
cafes ; and this is evidently owing to the eagernefs, 
as I may fay, with which this fpecies of air, the 
moft free from phlogifton itfelf, feizes upon the 
phlogifton of other bodies, in a fufficient degree of 
heat. Such appearances cannot be produced in 
common air, which, being more than half faturated 
with phlogifton already, can take but little more; 
and therefore, to produce an appearance any thing 
refembling them, we are obliged to fupply the fire 
with a current of frefti air thrown into it by bel¬ 
lows. But fupplying a fire in the fame manner 
with a current of dephlogifticated air, which I have 
fometimes done, has a moft aftonifhing effedt of 
the fame kind. 

I fhall conclude this article concerning detona¬ 
tion, with an account of a very ftriking experiment 
that I made with Homberg’s pyrophorus. I put 
a quantity of it into one of the fmall jars which I 
ufe for experiments on air in quickfilver; then, 
filling up the vefiel with quickfilver, I inverted it 
in a bafon of the fame, and threw up dephlogifti_ 
cated air at different times. It always occafioned 
a fudden and vehement accenfion, like the fkfhing 
of gunpowder, and the air was greatly diminifhed, 
as might have been forefeen. 

c. Of 
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2. Of the Formation of Precipitate per fe. 

Precipitate per fe is much more eafily procured 
in dephlogifticated than in common air, and pro¬ 
bably not at all in phlogifticated air; this air not 
being capable of taking any phlogifton from mer¬ 
cury, without which the calx cannot be formed. 

I expofed equal quantities of the fame quick- 
filver, in equal glafs tubes, of about two feet and a 
half long, and an inch and a half in diameter, but 
narrower towards the top, to a fand heat, for one 
day, one of the tubes containing phlogifticated, and 
the other dephlogifticated air, both hermetically 
fealed. In the refult, the mercury in the tube con¬ 
taining the dephlogifticated air was completely co¬ 
vered with a coating of precipitate per fe but the 
mercury in the other tube was not fenfibly altered. 
When the procefs had been refumed, and con¬ 
tinued four days, I opened the tubes, and found 
the dephlogifticated air fomething worfe than it 
had been, but by no means fo much fo as I had 
expefted ; but the phlogifticated air was not at all 
altered. The quantity of precipitate in the dephlo¬ 
gifticated air was trifling. 

I then repeated the fame experiments with com¬ 
mon air, but in two days no precipitate was form¬ 
ed. With more time there probably would have 
5 been 
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been Tome. But this was fufficient for my purpofe, 
viz. to afcertain the difference that would be pro¬ 
duced by different kinds of air in this procefs, ac¬ 
cording to the quantity of phlogifton which they 
contained. 

Perhaps ihe precipitate per Je may, by this means, 
be made in much lefs time, and with much lefs 
expence, than it now is. 

j. Of the rujiing of Metals in Air. 

It is generally thought, I believe, that metals 
expofed to the open air are corroded, and contract 
ruft, by means of fome acid vapour contained in it. 
I thought it poffible, however, that very pure air 
might have fuch an affinity with phlogifton, as to 
deprive fome metals of it, without the aid of any 
acid. To try this, 1 filled an eight ounce phial 
with very dry clean nails, and then with quick- 
ftlver, which I difplaced by very pure and dry de- 
phlogifticated air, and left it inverted in a bafon of 
quickftlver on the 13th of April, 1778. On 
the a6th of January, 1779, I found that one tenth 
of the whole quantity of air was gone, the quick- 
filver having l'ifen fo high in the phial. I there¬ 
fore took it for granted, though I could not per¬ 
ceive any ruft on the nails, that my conje&ure was 
well founded; that the air has been diminiffied by 
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means of phlogifton from the iron, and that in time y 
if the quantity fhould be fufficient, the ruft will be 
apparent. This air being examined on the 20th 
of July, 1780, was found not to be diminiflied 
any farther. It was alfo a little worfe than it had 
been when it was put into the phial, and the nails 
were very clean and without ruft. 

4. Of the Formation of Nitre. 

Before the difcovery of dephlogifticated air it 
was generally fuppofed by chemifts, that nitrous acid, 
by which common nitre is formed, exifts in the at- 
mofphere as an extraneous fubjiance , like water, and 
a variety of other fubftances, which float in it, in 
the form of effluvia; but fince there is no place 
in which nitre may not be made, it may, with more 
probability be fuppofed, that nitre is formed by a 
real decompofition of the air itfelf the bafes that are 
prefented to it having, in fuch circumftances, a near 
affinity with pure air, which is the principal ingre¬ 
dient in it, 
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PART I. 

PROCESSES BY WHICH GOOD AIR IS NOT INJURED 
AND NOXIOUS AIR NOT RESTORED. 

N E of the firft obje&s of my experiments on 
Vy atmojpherical air , after fome relating to fixed 
air > was the caufe of the change made in its pro¬ 
perties by a variety of procefies, which, becaufe I 
firft concluded that the principal agent was phlo- 

* It will be feen, that the reafon why I called the fpecies of air 
which is the fubjed of this book .phlogifticated, was my fuppofitiou 
of its being atmofpherical air, affeded by phlogilton. But whc* 
ther this be the cafe, or the air of the atmofphere confift 0 f two 
diftind parts, and fubftances containing phlogifton, attrad one of 
thefe, viz. the dephlogifticated, and leave the other, this other part 
ftill be called phlogifticated air , fo that no miftake will be oc- 
cafioned bv the ufe of the term. 
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<*ifton, I termed phlogifiic. But before I relate any 
of them, it ma y not amifs to recite the circum- 
ftances in which air is not changed, notwithftanding 
it either had been apprehended, or might naturally 
be imagined to be fo, in them. 


SECTION I. 

Of Air riot being Jenfibly injured by Heat , or by ojfenfeve 
putrid Subfiances. 

I T had been advanced by the Count de Saluzes, 
that air is injured by heat , and reitored by cold, 
efpecially by froft. But though I made the expe¬ 
riments with all the attention of which I was capa¬ 
ble, I did not find thefe to be the effed of mere 
heat or cold. 

It has been obferved both by myfelf and others, 
that air exceedingly offenfive to tjie noftrils, is not 
always properly phlogifiicated, fo as to be diltinguilh- 
cd by the teft of nitrous air. t or th° u gh may be 
true that phiogifton is the thing that conftitutes 
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Jmelly or at leaft that it is in fome manner efiential 
to it, that phlogifton which fenfibly affeCts the ol¬ 
factory nerves, may be attached to fomething that 
is only dijfufed through the air, and not properly in¬ 
corporated with it. For when this air, fo exceeding¬ 
ly offenfive to the noftrils, is made to pafs through 
a body of water, this phlogifton is entirely feparated 
from it, and leaves the air through which it was dif- 
fuled, and which it had feemed to contaminate, 
quite pure and inoffenfive. 

In order to make full proof of the truth of this 
obfervation, and alio with the farther view of trying 
whether the quantity of phlogifton contained in an 
animal fubftance might be fo far exhaufted by pu¬ 
trefying in quickfilver, as to be unable to phlogif- 
ticate common air, I confined a large piece of the 
tendon ofa neck of veal, and likewife a whole moufe, 
in feparate veffels of quickfilver, fome time in Sep¬ 
tember, 1779; and when they had yielded all the 
air that I could perceive they would yield, and of 
which an account has already been given, I took 
what remained of them both in die April follow¬ 
ing, and putting them into a jar of common air 
containing about feven ounce meafures, I examined 
this air after two days, and did not find it fenfibly 
injured, though the fubftances were very offenfive 
to the noftrils. After keeping them, however, in 

the 
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the fame jar about two months longer, I found the 
air to be phlogifticated. 

Notwithftanding this, I make no doubt but that 
in length of time thefe fubftances would have loft all 
their power of phlogifticating air. But whether 
this property, or that of yielding an offenfive fmell, 
would have gone firft, I had no opportunity of ob- 
ferving, in confequence of removing my habitation, 
by which I was obliged to put an end to the pro- 
cefs. It appears, however, fufficiently, that very 
much of the power of thefe putrefying fubftances 
to phlogifticate air was gone before they ceafed to 
be offenfive, though it is probable they were not 
fo highly offenfive as they had been before. 
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SECTION II, 

Of the Air that has been fuppofed to come through the 
Pores of the Skin, and of the Effects of the Per- 
fpiration of the Body . 

TT cannot be thought extraordinary, that when 
it has been imagined that air is extracted from 
the moil compact bodies, as gold, by means of the 
air pump, it Ihould be thought to iflue from the 
human fkin. It was alfo very natural to imagine, 
that fince refpiration injures and phlogifticates air 
the perforation of the body, fenfible and infenfible' 
Ihould do the fame; and they who fuppofe that 
phlogifton converts common air into fixed air, 
muft of courfe imagine, that the air contiguous to 
the Ikin is continually undergoing this change. Dr. 
Ingenhoufz afiferts the former, and Mr. Cruildhank, 
after Sig. Mofcati, the latter. On both thefe fub- 
je6ts I lhall make fome animadverfions, and like- 
wife a few experiments which I think will be deemed 
conclufive, on the fubjeft of perfpiration, and fuf- 
ficient to confirm what I have advanced with re- 
ipedt to it. 

Dr. Ingenhoufz not only fuppofes that air is con¬ 
tinually ifilling from the human Ikin; but he took 

pains 
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pains to collect it, in a confiderable variety of cir- 
cumftances, of which he has given a particular ac¬ 
count. This I took the liberty to tell him I had 
no doubt was a deception; the air that he found 
not having come from the Jkin , but from the water 
in which it was plunged; and both the quality of 
the air that he found, and the circumftances in 
which he procured it, left me no doubt upon the 
fubjed. It was juft that mixture of fixed air and 
partially phlogifticated air, that pump water, which 
he recommends for the purpofe, generally abounds 
with. The bubbles of air rifing and fwelling at 
the fame part of the fkin is by no means any proof 
that the air came from the fkin; for that is always 
the cafe with air illuing from water, the air bub¬ 
bles never rifing within the water itfelfi but always 
from fome other body immerfed in it. All the 
phenomena he has defcribed may be fben with a 
piece of metal, or glafs, plunged in water contain¬ 
ing air, in an exhaufted receiver; in which cafe it 
is eafily Ihown, that the air does not come from 
the pores of the metal, or of the glafs, but from 
the water itfelf. For if the water contain no air, 
and the furfaces of the metal and of the glafs be 
carefully wiped, that appearance cannot be pro^ 
duced. 

He fays diat water exhaufted of its air is not pro¬ 
per for this experiment, becaufe it readily abforbs 
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all the air as fall as it iffues from the Ikin. But 
if the experiment be made in water at all, this 
muft be the only unexceptionable manner of making 
it; and water by no means abforbs any kind of air 
fo faft as he defcribes this to ifiiie from the fkin, 
and efpecially fuch a kind of air as he defcribes, 
a great proportion of which is air partially phlogifti- 
cated. It requires a long time before water, in a 
quiefcent flate, will take up any fenfible quantity 
of fuch air as this. Befides, there is nothing that 
-we know of the human frame, that would lead any 
perfon to fufpeft that air ever ifiues from the fkin. 
Where are the air vejjels for that purpofe ? and 
what is their origin, or connexion with other parts 
of the fyftem? The prefent ftate of anatomy in¬ 
dicates nothing on this fubje< 5 b. 

To fatisfy my friend, not myfelf, I told him I 
would make an experiment, which I did not doubt 
would convince him of his miftake in this refpeft 5 
I did it in the following manner. I boiled a quan¬ 
tity of rain water, in order to expel from it all the 
air it might contain, and then fat with my naked 
arm plunged in a veffel filled with it, after care¬ 
fully wiping off, underwater, all the bubbles of 
air that adhered to it. But though I continued to 
fit in this manner a full half hour, not a fingle 
bubble of air made its appearance afterwards. 
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After this I need not fay any thing to my 
friend’s ingenious obfervations on the air which he 
took the pains to collect from the fkins of old and 
young perfons, and his laudable endeavours to re¬ 
move a popular prejudice concerning the unwhole- 
fomenefs of the former, and the wholefomenefs of 
the latter kind of air* 

Mr. Cruiklhank’s experiments, if they could be 
depended upon, would both prove that fixed air 
is compofed of common air and phlogifton, and 
that the perfpiration of animal bodies, in a healthy 
ftate, has the fame effedt upon air that breathing 
it has, viz. phlogifticating it, and making it noxious* 
which is contraiy to the experiments of which 
I fhall prefently give an account j by which it 
appears that the air under my arm-pits, and near 
other parts of my body, was never lefs pure than 
the external air. The Abbe Fontana alfo told me* 
that he had always found the fame refult in experi¬ 
ments made upon himfelf. But Mr. Cruiklhank 
fays (in the fecond edition of his Letter to Mr. 
Clare , printed in Mr. Clare’s Treatife on Abfcelfes) 
that, after he had confined his leg in a glafs velfel* 
fo as to prevent all communication with the ex¬ 
ternal air, lime water poured into it immediately 
afterwards* came out a little turbid. But this he 
'vould probably have found to be the cafe with a 
O 2 fmall 
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fmall quantity of lime water,, poured into, and out 
of any vefiel of the fame fize, on account of the 
great furface of the fluid that muft, in thofe cir- 
cumftances, have been expofed to the common 
atmofphere; in confequence of which it is always 
known to attract fixed air. 

However, partly to examine this matter more 
thoroughly, and with a variation that I had thought 
of, I repeated the experiments on my own perfpira- 
tion in various ways,, and they all confirmed what 
I advanced before, viz. that the perfpirable matter 
has no fuch effed upon the air, but leaves it as 
wholefome, that is, as fit for refpiration, as ever, 
judging by the teft of nitrous air, which, however, 
Mr. Cruikfhank does not fay that he ever applied 
in this cafe. 

Purfuing his fteps, I fattened a moitt ox’s blad¬ 
der, containing about a quart of air, dole about 
my ancle, fo that my foot, clean walked and warm,, 
as his was, was expofed to it; and I fat near the 
fire, fo as to keep my foot properly warm a full 
hour. After this I carefully withdrew my foot 
from the bladder, without changing the air 5 and 
applying the teft of nitrous air, the air in the blad¬ 
der appeared to be of the fame degree of purity 
with the external air; the meafures of the teft, ap¬ 
plied in the lame manner to both, being 1,26. 1 
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alfo admitted part of this air to lime water, and 
obferved that it did not make it in the fmalleft de¬ 
gree turbid. 

Willing to give more time to this experiment, 
that the opportunity of this perfpiration phlogifti- 
eating the air might be the greater, I once more 
'fattened the bladder about my foot, juft before I 
went to bed, and ttept with it all night, keeping 
myfelf fufheiendy -warm, from eleven to half paft 
fix in the morning, when the bladder was quite 
dry. However, carefully moiftening it, and efpe- 
cially where it was fattened to my ankle, I with¬ 
drew my foot, without changing the air, and im¬ 
mediately examined it. The quantity contained in 
the bladder was forty ounce meafures. It did not 
affedt lime water, and with refpect to purity was 
•of the fame ftandard with common air $ the mea¬ 
fures of the teft with the nitrous air I happened to 
make ufe of, being in both cafes 1.3. 

I cannot therefore but fee reafon to conclude, 
as I did before, that it is only r.efpiratm , and not 
the perforation of the body diat injures common 
air. 

I have fat an hour with my arm in a trough 
of very warm water, and my warm hand in a 
glafs jar placed with its moudi in the water (my 
hand, of courle, perfpiring, though infenfibly, all 
that time) but when I examined the air within thp 
O 3 .jar 
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jar immediately afterwards, it appeared not to have 
been the leaft injured by the procefs. 

But what I expedted to produce a much more 
fenfible change in the air was the perfpiration un¬ 
der the arm-pits, after walking, or ufing much 
exercife. For this purpofe, I have fometimes 
taken phials of warm water, and poured it out, 
when I had introduced my hand as carefully as 
poflible into the place; but at other times I have 
put open phials, with perforations in the bottoms, 
and alfo open glafs tubes, three or four inches long, 
the orifices of which were fuch as that I could eafily 
cover them with my thumb or finger. This ap¬ 
pearing to be the faireft method of all, I made 
the greateft ufe of it. For the air within the open 
tube muft certainly, in the courfe of an hour or 
two, become of the fame quality with the air on 
the outfide of it. In thefe trials alfo, I have pre¬ 
ferred walking to any other kind of exercife, though 
I have tried feveral methods; becaufe, in walking, 
little or no motion is given to the air about the 
arm; and it is very eafy to introduce one’s hand, 
and, covering both the ends of the tube at the 
fame time, to be quite fure that the air within the 
tube is in that ftate to which the perfpiration of 
the body had reduced it. But ftill, after walking 
a long time, and making myfelf purpofely as hot 
as poflible, I have never found the air within the 

tubes 
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tubes in the leaft degree worfe than the external 
air; but, as I have fometimes thought, a little 
better. 

The experiment of this kind that I made with 
the moft care was in pretty hot weather, on the 4th 
of June, 1778. I put fuch tubes as I have men¬ 
tioned above under each of my arms, and after 
firft working with*a fpade, and then walking about 
three miles, in which exercifes I purpofely made 
myfelf exceedingly hot, I withdrew the tubes with 
as much care as a good deal of experience had 
taught me, and I found that one meafure of this 
air and one of nitrous air occupied the fpace of 
1.267 meafures; when the fame experiment being 
made with the beft external air on the fame day, 
the meafures were 1.28. Every circumftance in 
the application of the teft was, as near as I could 
make it, the very fame in both cafes. 
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SECTION III. 

Of Air which has been expofed to Steam , and of that 
which is found in the hollow Parjs of fome Plants. 

V ERY early in the courfe of my obfervations 
concerning air, I found that the agitation of 
any kind of noxious air in water purified it to a 
certain degree, as alfo that the agitation of pure 
air in water depraved it fo much, as to bring it 
to about the fame ftandard, viz. that in which a 
candle juft goes out. It might, therefore, be 
thought, that fleam, or the vapour of water, inti¬ 
mately diftufed through a quantity of noxious air, 
would much fooner imbibe die phlogifton with 
which it was' charged; and feveral perfons have 
even thought that the melioration of air by vegeta¬ 
tion may be owing to the exhalation of moifture 
from plants in a vegetating ftate. I was very 
willing to adopt that idea myfelf, in preference to 
my own, which was that plants imbibe the phlo¬ 
gifton with which the air is overcharged into their 
fubftance , and convert it into their proper nourifh- 
ment. But when I tried the effe&s of fteam on 
phlogifticated air, with as much attention as I could 

give 
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give to the experiments, I never found that it was 
at all mended by the procefs. 

I firft took a quantity of air that had been phlo- 
gifticated by a mixture of iron filings and fulphur, 
and introducing into it the end of a glafs tube, 
communicating with a phial, which I had filled 
'with water, 1 kept it in a boiling heat, about a 
quarter of an hour, in which time the fleam had ef¬ 
fectually pervaded the mafs of air, having made the 
jar in which it was contained thoroughly hot, and 
having expelled three fourths of it. But what re¬ 
mained of this air was no more diminifhed by 
nitrous air than it had been before. 

Afterwards I feveral times filled jars with air 
phlogifticated with nitrous air, and alfo by other 
means; and placing them, inverted, in pans of 
water, made the water boil a long time, till a great 
part of the air was expelled by the fleam, but I 
never found the air fo expofed to fleam to be at 
all mended by it. Common air w r as always fen- 
fibly injured by this procefs, as might have been 
expefted from my former experiments. 

I am willing to think, however, from the ob- 
fervation of Mr. Arden, an intelligent le£lurer in 
natural philofophy, who firft mentioned the obfer- 
vation to me, as his own, that fleam, or the vapour 
of water, may unite with fomething or other that 
makes air offenfive, and help to fweeten it; or, at 

Ieaft, 
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Jeaft, that throwing a quantity of fleam into a room 
in which the air is offenfive, may promote a change 
in the air, lb as to be an eafy and valuable remedy 
in fuch cafes. He mentioned to me feveral experi¬ 
ments of his own, as well as the obfervations of 
other perfons, that make it very probable. 

Having examined the ftate of the air confined in 
the bladders of fijhes , I had the curiofity to examine 
that which was confined in certain hollow places in 
plants, where it has no vifible accefs to the external air. 
For this purpofe I tried the air contained in the 
pods of the bladder Jena> and alfo in the ftalks of 
onions , but did not find that in either of thefe cafes, 
it was at all fenfibly different from the common 
air j being diminifhed by nitrous air in the fame pro- 
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PART II, 

PF PROCESSES BY WHICH AIR IS RENDERED 
UNFIT FOR RESPIRATION OR COMBUSTION. 


SECTION I. 

Of Air expo/ed to a Mixture of Sulphur and Filings 
of Iron, to Liver of Sulphur and Pyropborus. 

R EADING in Dr. Hales’s account of his ex¬ 
periments, that there was a great diminution 
of the quantity of air in which had been expofed, 
a mixture of powdered fulphur and filings of iron, 
made into a pafte with water, I repeated the expe¬ 
riment, and found the diminution greater than I 
had expe&ed. This diminution of air is made as 
effectually, and as expeditioufly, in quickfilver as in 

water j 
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water; and it may be meafured with the greateft 
accuracy, becaufe there is neither any previous ex- 
panfion, or increafe, of the quantity of air, and be¬ 
caufe it is fome time before this procefs be¬ 
gins to have any fenfible effect. This dimi¬ 
nution of air is various; but I have generally 
found it to be between one fifth and one fourth of 
the whole. 

Air thus diminifhed is not heavier, but rather 
lighter than common air. 

I conclude that the diminution of air by this pro- 
cefs is of the fame kind with the diminution of it in 
the other cafes, becaufe when <his mixture is put 
into air which has been previoufly diminifhed, either 
by the burning of candles, by refpiration, or putre¬ 
faction, though it never fails to diminifh it fome- 
thing more, it is, however, no farther than this 
procefs alone would have done it. if a frefh mix¬ 
ture be introduced into a quantity of air which had 
been reduced by a former mixture, it has little or 
no farther effeft. 

I oace obferved, that when a mixture of this kind 
was taken out of a quantity of air in which a candle 
iud before burned out, and in which it had flood 
for feveral days, it was quite cold and black, as it 
always becomes in a confined place; but it preiently 
grew very hot, fmoaked copioufly, and finelled 

yery 
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very offenfively; and when it was cold, it was brown, 
like the ruft of iron. 

Air diminilhed by this mixture of iron filings and 
folphur, is exceedingly noxious to animals, and I 
have not perceived that it grows any better by 
keeping in water. The fmell cf it is at firft very 
pungent and offenfive, which muft be owing to a 
quantity of vitriolic acid air generated in the pro- 
cefs. 

The quantity of this mixture which I made ufe of 
in the preceding experiments, was from two to four 
ounce meafures ; but I did not perceive, but that 
the diminution of the quantity of air (which was ge¬ 
nerally about twenty ounce meafures) was as great 
with the fmalleft, as with the largeft quantity. How 
fmall a quantity is necefiary to diminish a given 
quantity of air to a maximum , I have made no expe¬ 
riments to after tain. 

As foon as this mixture of iron filings with ful- 
phur and water, begins to ferment, it alfo turns 
black, and begins to fwell, and it continues to do 
fo, till it occupies twice as much fpace as it did at 
firft. The force with which it expands is great; 
but how great it is I have not endeavoured to de¬ 
termine. 

When this mixture is immerfed in vater, it 
generates no air, though it becomes blact, and 
fwells. 

Common 
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Common air, I find, is diminifhed, and rendered 
noxious, by liver offulphur. The diminution in 
this cafe was one fifth of the whole, and afterwards, 
as in other fimilar cafes, it made no effervefeence 
with nitrous air. 

I found alfo, after Dr. Hales, that air isdiminifhed 
by Hotnberg’s pyrophorus . 


SECTION {I 

Of Air infeted with the Fumes of burning Charcoal. 

A ^ infe&ed with the fumes of burning char¬ 
coal is well known to be noxious ; and 
Mr. Cavendifh favoured me with an account 
of fome experiments of his, in which a quan¬ 
tity of common air was reduced from i8oto 162 
ounce meafures, by palling through a red-hot iron 
tube filled with the dull of charcoal. This diminution 
he aferibed to fuch a definition of common air as 
Dr. Hales imagined to be the confequence of burn- 
1 ing' 
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ing. Mr. Cavendifh alfo obferved, that there had 
been a generation of fixed air in this procefs, but 
that it was abforbed by foap leys. This experi¬ 
ment I alfo repeated, with a fmall variation of cir- 
cumftances, and with nearly the fame refiilt. 

I alfo endeavoured to afcertain in what manner 
air is affe&ed with the fumes of charcoal, by fuf- 
pending bits of charcoal within glafs veffels, filled 
to a certain height with water, and Handing inverted 
in another veffel of water, while I threw the focus 
of a burning mirror, or lens, upon them. In this 
manner I diminilhed a given quantity of air one 
fifth, which is nearly in the fame proportion with 
other diminutions of air. 

If, inftead of pure water, I ufed lime water in 
this procefs, it never failed to become turbid by 
the precipitation of the lime, which could only be 
occafioned by fixed air, either difcharged from the 
charcoal, or formed by fomething efcaping from it, 
and fomething in the common air. 

There was the fame precipitation of lime, in this 
procefs, with whatever degree of heat the charcoal 
had been made. If, however, the charcoal had 
not been made with a very confiderable degree of 
heat, there never failed to be a permanent addition 
of inflammable air produced ■, which agrees with 
what I had obferved before, that, in converting 

dry 
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dry wood into charcoal, the greateft part is changed 
into inflammable air. 

To make the preceding experiment with ftill 
more accuracy, I repeated it in quickfilver; when 
I perceived diat there was a fmall increale of the 
quantity of air, probably from a generation of in¬ 
flammable air. Thus it flood without any altera¬ 
tion a whole night, and part of the following day ; 
when lime water being admitted to it, it prefently 
became turbid, and, after fome time, the whole 
quantity of air, which was about four ounce mea- 
fures, was diminiflied one fifth, as before. 

Air thus diminiflied by the fumes of burning 
charcoal, not only extinguiflies flame, but is in the 
higheft degree noxious to animals ; it makes no ef- 
fervefcence with nitrous air, and is incapable 
of being diminiflied any farther by die fumes of more 
charcoal, by a mixture of iron filings and fulphur, 
or by any other caufe of the diminution of air diat 
I am acquainted with. 

This obfervation, which refpects all other kinds 
of diminiflied air, proves that Dr. Hales was mif- 
taken in his notion of the ab/orption of air in thofe 
circumftances in which he obferved it. For he fup- 
pofed that the remainder was, in all cafes, of die 
fame nature with that which had been abforbed, and 
that the operation of the fame caufe would not have 
4 failed 
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failed to produce a farther diminution ; whereas all 
rrly obfervations fhew that air, which has once been 
fully dimmilhed by any caufe whatever, is not only 
incapable of any farther diminution, either from the 
fame or from any other caufe, but that it has like- 
wile acquired new properties , moll remarkably dif¬ 
ferent from thofc which it had before, and that they 
are, in a great meafure, the fame in all the cafes. 
Thefe circumftances give reafon to fufpe£t, that the 
caufe of diminution is, in reality, the fame in all 
the cafes. 


SECTION III. 

Of the Ejfeft of the Calcination of Metals . 

H AVING been led to fufpeft, from the experi¬ 
ments which I had made with charcoal, that 
the diminution of air in that cafe, and perhaps in 
other cafes alfo, was, in fome way or other the 
conlequence of its having more than its uliial quan¬ 
tity of phlogifton, it occurred to me, that the cal- 
VOL. II, P 
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cination of metals, which are generally fuppofed to 
confifl: of nothing but a metallic earth united to phlo¬ 
gifton, would tend to afcertain the faft, and be a kind 
of experimentum cruets in the cafe. 

Accordingly, I fufpended pieces of lead and tin 
in given quantities of air, in the fame manner as I 
had before treated the charcoal; and throwing the 
focus of a burning mirror or lens upon them, fo as 
to make them fume copioufly, I preiently perceived 
a diminution of the air. In the firft trial that I 
made, I reduced four ounce meafures of air to 
three, which is the greateft diminution of common 
air that I had ever obferved before, and which I 
account for, by fuppofing that, in other cafes, there 
was not only a caufe of diminution, but caufes of ad¬ 
dition alfo, either of fixed or inflammable air, or 
jome other permanently elaftic matter, but that the 
efFeft of the calcination of metals being Amply the 
efcape of phlogifton, the caufe of diminution was 
alone and uncontrouled. It appears, however, from 
the experiments of Mr. Lavoifier, that the dephlo- 
gifticated part of common air is imbibed in this 
procefs, and from my own later experiments, that 
the phlogifton of the metals uniting with another 
part of it makes fixed air. 

The air, which I had thus diminifhed by calcina¬ 
tion of lead, I transferred into another clean phial, 
but found that the calcination of more lead in it 

(or 
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(or at leaft the attempt to make a farther calci¬ 
nation) had no farther effeft upon it. This air alfo, 
like that which had been infected with the fumes of 
charcoal, was in the higheft degree noxious, made 
no effervefcence with nitrous air, and was no farther 
diminifhed by the mixture of iron filings and 
fulphur. 

It might be fufpedted that the noxious quality 
of air in which lead was calcined, might be owing 
to fome fumes peculiar to that metal; but I found 
no fenfible difference between the properties of this 
air, and that in which tin was calcined. 

The water over which metals are calcined acquires 
a yellowifh tinge, and an exceedingly pungent fmell 
and tafte, pretty much (as near as I can recollect, 
for I did not compare them together) like that over 
which fulphur has been frequently burned. Alfo 
a thin and whitifh pellicle covered both the furface 
of the water, and likewife the fides of the phial in 
which the calcination was made; infomuch that, 
without frequently agitating the water* it grew fo 
opaque by this conftantly accumulating incruftation, 
that the fun-beams could not be tranfmitted through 
it in a quantity fufficierit to produce the calcination. 

Lime-water never became turbid by the calcina¬ 
tion of metals over it, the calx immediately feizing 
the fixed air that was formed, in preference to the 
lime in the water j but the colour, fmell, and tafte 
P 2 of 
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of the water were always changed, and the furface 
of it became covered with a yellow pellicle, as before. 

When I was making the experiments on the ex¬ 
traction of inflammable air from iron, I found, 
that if the quantity of air was confiderable, the 
throwing of the focus of the burning lens upon iron- 
filings inclofed in it, had no other effeCt than to di- 
minilh the air, and make it noxious; which it did to 
as great a degree as the calcination of lead or tin hald 
done: for after this it made no effervefcence, and 
was no farther diminilhed, by nitrous air. After 
this, I make no doubt, but that if the procefs had 
been continued a fufficient time, there would have 
been an increafe of the quantity of air, by the pro¬ 
duction of inflammable air; but the firft effeCt of 
the difcharge of phlogiilon from the iron was the 
phlogifticating and diminifhing of the common air. 

I even found that air would be injured by having 
iron confined in it for a confiderable time. To try 
this, I filled a phial, containing common air, full of 
nails, the 18th of December, 1773, and left it in¬ 
verted in a vefiel of water till the ad of March, 1775, 
when I found that it was diminilhed one-fifth of its 
bulk, and was not in the leaft diminifhed by a mix¬ 
ture of nitrous air; fo that it mult have been per¬ 
fectly noxious. 
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SECTION IV. 

Of Air in which Candles have burned. 

r H E diminution of the quantity of air in which 
a candle, or fulphur, has burned out, is va¬ 
rious j but I imagine that, at a medium, it may be 
about one fifteenth, or one fixteenth of the whole; 
which is one third as much as by animal or vegetable 
fubftances putrefying in it, by the calcination of 
metals, or by any of the other caufes of the com¬ 
plete diminution of air, which will be mentioned 
hereafter. 

I firft thought, that flame difpofed the common 
air to depofit the fixed air it contains j for if any 
lime-water be expofed to it, it immediately becomes 
turbid. This is the cafe, when wax candles, tallo\y 
candles, chips of wood, fpirit of wine, ether, and 
every other fubftance which I have yet tried, ex¬ 
cept fulphur, is burned in a clofe glafs vefiel, 
ftanding in lime-water. This precipitation of fixed 
a ir (if this be the cafe) may be owing to lomething 
emitted from the burning bodies, which has a 
ftronger affinity with the other conftituent parts of 
the atmolphere, 
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If fulphur be burned in the fame circumftances, 
the lime-water continues tranfparent, but ftill there 
may have been the fame precipitation, or formation 
of fixed air; but that, uniting with the lime and the 
vitriolic acid, it forms a felenetic fait, which is folu- 
ble in water. Having evaporated a quantity of wa¬ 
ter thus impregnated, by burniug fulphur a great 
number of times over it, a whitilh powder remained, 
which had an acid tafte; but repeating the experi¬ 
ment v/ith a quicker evaporation, the powder had no 
acidity, but was very much like chalk. The burn¬ 
ing of fulphur but once over a quantity of lime wa¬ 
ter, will affect it in fuch a manner, that breathing in¬ 
to it will not make it turbid, which otherwife it al¬ 
ways prefently does. 

Dr. Hales fuppofed, that by burning fulphur re¬ 
peatedly in the fame quantity of air, the diminution 
would continue without end. But this I have fre¬ 
quently tried, and not found to be the cafe. Indeed, 
when the ignition has been imperfedt in the firft in- 
ftance, a fecond firing of the fame fubftance will in- 
creafe the-effect of the firft, &c. but this progrefs 
foon ceafes. 

In many cafes of the diminution of air, the effedt 
is not immediately apparent, even when it ftands in 
water; for fometimes the bulk of air will not be 
much reduced, till it has paffed feveral times 
through a quantity of water, which has thereby a 
i better 
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better opportunity of abforbing that part of the air, 
which had not been perfedtly detached from the reft. 

I have fometimes found a very great redu&ion of a 
mafs a ^ r > m confequence of palling but once 
through cold water. If the air has ftood in quick- 
filver, the diminution is generally inconfiderable, till 
it has undergone this operation, there not being any 
fubftance expofed to die air that could abforb any 
part of it. 

I could not find any confiderable alteration in the 
fpecific gravity of the air, in which candles, or ful- 
phur, had burned out. I am fatisfied, however, that 
it is not heavier than common air, which muft have 
been manifeft, if fo great a diminution of the quantity 
had been owing, as Dr. Hales and others fuppoled, 
to the elafticity of the whole mafs being impaired. 
After making feveral trials for this purpole, I con¬ 
cluded that air, thus diminiftied in bulk, is rather 
lighter than common air. 
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SECTION y. 

Of Animal Subfiances putrefying in Air. 

W HEN a moufe putrefies in any given quantity 
of air, the bulk of it is generally increafed for 
a few days; but in a few days more it begins to 
fhrink up, and in about eight or ten days, if the 
weather be pretty warm, it will be found to be di- 
minifiied one fixth, or one fifth of its bulk. If it do 
not appear to be diminifhed after this time, it only 
requires to be palfed through water, and the diminu¬ 
tion will not fail to be fenfible. I have fometimes 
known almoft the whole diminution to take place, 
upon once or twice paffing through the water. The 
fame is the cafe with air, in which animals have 
breathed as long as they could. Alfo, air in which 
candles have burned out may almoft always be far¬ 
ther reduced by this means. 

I have put mice into veflels which had their 
rfiouths immerfed in quickfilver, and obferved that 
the air was not much contracted after they were 
dead or cold but upon withdrawing the mice, and 
admitting lime-water to the air, it immediately be¬ 
came 
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came turbid, and was contra&ed in its dimenfions as 
ufual. 

I tried the fame thing with air tainted with putre¬ 
faction, putting a dead moufc to a quantity of com¬ 
mon air, in a vefiel which had its mouth immerfed 
in quickfilver, and after a week I took the moufe out, 
drawing it through the quickfilver, and obferved 
that, for fome time, there was an apparent increafe of 
the air perhaps about one twentieth. After this, it 
ftood two days on the quickfilver, without any fenfi- 
ble alteration; and then admitting water to it, it be¬ 
gan to be abforbed, and continued fo, till the original 
quantity was diminilhed about one fixth. If, inftead 
of common water, I had made ufe of lime-water in 
this experiment, I make no doubt but it would 
have become turbid. 

If a quantity of lime water in a phial be put 
under a glafs vefiel Handing in water, it will not 
become turbid, and provided the accefs of the com¬ 
mon air be prevented, it will continue lime water, 

I do not know how long; but if a moufe be left 
to putrefy in the vefiel, the water will depofit all 
its lime in a few days. 

The air that is difcharged from putrefying fub- 
ftances feems, in fome cafes, to be chiefly fixed air, 
with the addition of fome odier effluvium, which 
has the'power of diminifhing common air. The 

refemblance 
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refemblance between the true putrid effluvium and 
fixed air in the following experiment (which was as 
decifive as I could poffibly contrive it) appeared to 
be very great ; indeed, much greater than I had 
expedted. I put a dead moufe into a tall glafs 
veflfel, and having filled the remainder with quick- 
filver, and fet it, inverted, in a pot of quickfilver, 

I let it ftand about two months, in which time the 
putrid effluvium iflfuing from the moufe had filled 
the whole veflfel, and part of the diflolved blood, 
which lodged upon the fur face of the quickfilver, 
began to be thrown out. I then filled another 
glafs veflfel, of the fame fize and fliape, with as 
pure fixed air as I could make, and expofed them 
both, at the fame time, to a quantity of lime water. 
In both cafes the water grew turbid alike, it rofe 
equally faft in both the veflfels, and likewife equally 
high; fo that about the fame quantity remained 
unabforbed by the water. One of thefe kinds of 
air, however, was exceedingly fweet and pleafant, 
and the other infufferably offenfive. In general, 
however, I found fome portion of the air from pu¬ 
trefying animal fubftances to be inflammable; and 
and it was probably the fame in this cafe. 

Putrid cabbage, green or boiled, infers the air 
in the very fame manner as putrid animal fubflances. 
Air thus tainted is equally contradted in its dimen¬ 
sions. 
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fions, it equally extinguifhes flame, and is equally 
noxious to animals; but they affeft the air very 
differently, if the heat that is applied to them be 

confiderable„ 


SECTION VI. 

Of the Effeff of the Calces of Copper and Iron , and 
alfo of Mercury on Air . 

S EVERAL properties of metallic calces may be 
difcovered by their expofure to the common 
air. I have made fome obfervations which may 
be pleafing and fatisfaftory with refpett to thofe of 
copper and iron. They prove that the blue colour 
acquired by the former, and the red colour acquired 
by the latter, are owing to the dephlogiftication of 
them. For thefe colours cannot be aflumed by 
them but in the open air, and the air to which 
they are expofed is more or lefs phlogifticated by 
this means. 

I diflolved copper in a folution of fal-ammoniac, 
and confined the folution in a phial with a ground 

ftopper. 
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(topper. After a day or two, when the folution 
was become thoroughly blue, I examined the air 
within the phial, and found it to be confiderably 
worfe than it had been. For one meafure of it 
and one of nitrous air occupied the (pace of 1.33 
meafures; when the common air at the fame time 
was diminifhed by the nitrous air fo much, that 
the fame quantities occupied the fpace of little 
more than i.i meafure. At another time I co¬ 
vered a phial containing a quantity of this folution 
with a fmall jar (landing in a trough of water, and 
found, after a few days, though not more than half 
the folution, beginning from the top, had turned 
blue, that the air to which it had been expofed was 
almoft completely phlogifticated. 

Pouring a diluted lolution of pearl aihes into a 
diluted folution of green vitriol with a funnel, that 
the common air within the phial might mix as 
little as poflible with the open air, the precipitate 
was at firft of a light blue; but by expofure to the 
air it became firft of a deep indigo blue, and then 
a red. 

Covering a quantity of this blue precipitate con¬ 
tained in a glafs cup, with a glafs jar (landing in 
water, I obferved that, after two or three days, all 
the furface of the precipitate, though covered with 
water, was become red. When I (lirred it up, all 
below the furface was as blue as ever* In this 

(late 
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ftate I examined the air, and found it fenfibly phlo- 
gifticated, though not to a great degree. 

Having made another blue precipitate of iron, 
j poured it into a fmall retort, and turning it 
every Way, to give all the infide a coating of it, I 
expofed it to the heat of the fire, till it was become 
partially red (for I did not perceive it would be¬ 
come wholly fo) and, examining the air in the in¬ 
fide, I found that one meafure of it and one of 
nitrous air occupied the fpace of 1.3 meafures; 
when the fame quantities of common air and the 
fame of nitrous air occupied the fpace of 1.24 
meafiires. 

Laftly, to give the calx of iron more time to 
affedt the air, I made the mixture in a phial which 
I left half full of air; and in a few days the furface 
of the water was covered with a red pellicle, and 
fome time afterwards the furface alfo of the pre¬ 
cipitate at the bottom of the phial, which had been 
of a deep blue, was become red. After waiting 
three weeks, I examined the air, and found it fo 
much phlogifticated, that one meafure of it and 
one of nitrous air occupied the fpace of 1.55 mea ~ 
fures. 

Having alfo coated the infide of a glafs tube 
with the green precipitate, I let it Hand near three 
weeks with its orifice immerfed in water, in which 
time it had become nearly red •, and then examin¬ 
ing 
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ing the air, I found no fixed air in it (which might 
have been fufpe&ed to come from the pearl afhes 
efpecially j and thus to have injured the air, with¬ 
out any proper phlogiftication) and one meafure of 
it and one of nitrous air occupied the fpace of 1-45 
meafures. In this experiment, therefore, there was 
a proper phlogiftication of the common air, without 
its receiving any thing from the alkaline falts. 

It is not a little remarkable, that this change of 
colour will take place though die precipitate be 
covered with a large body of water. I have found 
it when it was covered to the depth of eleven inches, 
which is diat of the trough in which I ufually make 
my experiments. It was at firft all blue, the next 
day I found the furface completely red, when the 
bottom was as deep a blue as ever. This refem- 
bles the property of Jerum in my experiments on 
blood. For as that liquor admits phlogifton to pafs 
from the blood to the air, fo water permits phlo¬ 
gifton to pafs from this precipitated calx to the air, 
and, as appears from later experiments, permits the 
calx to become faturated with dephlogifticated airw 

The refult of thefe experiments will be different 
according to the degree of faturation in the fo!u- 
tion, and^perhaps according to other circumftances. 

At the fame time that I got the deep blue pre¬ 
cipitate, with which I made feveral of the experi¬ 
ments above-mentioned, I mixed a quantity of the 

faturated 
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faturated folutions, both of the vitriol and of the 
pearl allies, in an open jar, and the whole became 
red at once, without my being able to perceive any 
previous blue colour at all. Sometimes the pre¬ 
cipitate will be white, or grey, efpecially when the 
folution of the iron is poured into that of the 
alkali. In this cafe the firft change is to a very light 
blue, then to a deeper blue, and laftly to a red. 

In the experiments above-mentioned the air be¬ 
came phlogifticated in confequence of the liquor 
to which it was expofed acquiring colour j whereas 
in the following it was injured at the fame time 
that the liquor loft its colour. I took a quantity of 
fpirit of fait made yellow by various impregnations, 
and then made it colourlefs by liver of lulphur. 
After this I inverted the phial with common air 
in it, and let it ftand about a week, obferving that 
in two days it had recovered its original yellow 
colours and the air appeared to be fo much in¬ 
jured, that one meafure of it and one of nitrous 
air occupied the fpace of 1.9 meafures. The phlo- 
gifton that produced this effed came probably from 
the liver of fulphur. 

I accidentally met with a much better method 
of making the experiment with the calx, by means 
of lime water, than that mentioned above. 

The trough in which I make my experiments 
on air being at one time very foul, with various 

metallic 


224 OBSERVATIONS on Part II. 

metallic folutions, efpecially in confequence of hav¬ 
ing difiolved iron in fpirit of nitre, for the pro¬ 
duction of nitrous air, and other purpofes, and it 
not having been convenient to change the water, 
I continued to ufe it in that ftate; when cafually 
pouring a little lime water into it, I obferved that 
a precipitate of a very deep blue colour was form¬ 
ed. It was fo beautiful, that, having been obliged 
to leave my experiments, for the fake of a fmall 
excurfion to Bath, before I faw any farther into it, 
I remember telling a friend whom I met there, 
that I thought it poflible that I had accidentally 
difcovered a new and cheap method of making 
Pruflian blue. However my dream of a difcovery 
vanilhed on my return home, when I obferved the 
bottom of my trough covered with a very lively 
red. But when I turned it up* I found the red 
was only fuperftcial, and that the precipitate under¬ 
neath was of as deep a blue as ever. 

I then repeated the experiment in fmall jars, 
phials, &c. and was much better pleafed with the 
refult than when I had made ufe of a folution of 
alkali in order to make the precipitate. Here 
the lime is leized by the acid, as it was before by 
the alkali ; and in both cafes the calx of the iron 
is let at liberty, and depofited in a phlogifticated 
ftate. But it readily parts with its phlogifton if 
pure air be at hand, even though feparated from 

it 
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it by a body of water, of, I believe, ahy depth. 
Thefe experiments Ihew that water, though capa¬ 
ble of receiving phlogifton, is not capable of re¬ 
taining it in the prefence of air, which appears to 
have a much ftronger affinity with it. 

It may not be improper to mention again in 
this place, in fpeaking of the effeCt of metals on air, 
that iron that has been fuffered to ruff: in nitrous 
air diminiffies common air very faff. 

In a fubfequent part of this work I ffiall ffiow 
that there is no air in quickfilver; as has gene¬ 
rally been imagined, and that all the air which 
is difcovered in boiling it in a glafs tube, is only 
that which had been concealed, and comprefied, 
between the quickfilver and the glafs. Having 
for this purpofe collected a fmall quantity of this 
air, I found it to be common air, being dimi- 
niihed by nitrous air. But the quantity being 
fmall, and not having applied a very accurate mea- 
fure, I afterwards repeated that experiment with 
more precaution, and find fuch air to be in fome 
degree phlogifticated. 

I firft filled a tall thin tube, about an inch in 
diameter, with quickfilver; and, expofing the up¬ 
per part of it to a degree of heat that converted it 
into vapour, in the manner reprefented PI. III. 

4> and confequently effectually letting at liberty 
all the air that was confined between the quickfilver 



2 i 6 observations on Part II. 

and the glafs, I colle&ed and examined that air, 
and found it not to be diminifhed by nitrous fo 
much as common air is. 

I then repeated the experiment by throwing up 
a quantity of common air, and expofing it to heat 
mixed with the vapour of quickfilver, and let it 
continue in that ftate four or five hours. After 
this I perceived that the air was confiderably dimi- 
nifhed in bulk; and, examining it, I found that 
one meafure of it and one of nitrous air occupied 
the fpace of 1.66 meafures. The air, therefore, 
in the former experiment, not having been pure air, 
is no proof of its having been incorporated with 
the quickfilver; fince common air mixed with it, 
in the ftate of vapour, receives phlogifton from it. 
This proves that mercury, like other metals, im¬ 
bibes pure air, and by this means would in time 
become precipitate per Je. 
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SECTION VII. 

Of the Effect of OilSy &V. on Air . 

T HE preceding experiments on the calcination 
of metals fuggefted to me a method of ex¬ 
plaining the caufe of the mifchief which is known 
to arife from frefh. -painty made widi white lead 
and oil. 

To verify my hypothecs, I firft put a fmall pot 
full of this kind of paint, and afterwards (which 
anfwered much better, by expofmg a greater fur- 
face of the paint) I daubed feveral pieces of paper 
with it, and put them under a receiver, and ob- 
ferved, that in about twenty four hours, the air was 
diminifhed between one fifth and one fourth, for 
I did not meafure it very exactly. This air alfo 
was, as I expe&ed to find, in the higheft degree 
noxious. It did not effervefce with nitrous air, it 
was no farther diminifhed by a mixture of iron 
filings and fulphur, and was made wholefome by 
agitation in water deprived of all air. 

Air is diminifhed by a cement made with one 
half common coarfe turpentine, and half bees-wax. 
This was the refult of a very cafual obfervation. 

Qja Having, 
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Having, in an air-pump of Mr. Smeaton’s corr- 
ftruflion, clofed that end of the fyphon-gage, which 
is expofed to the outward air, with this cement 
(which I knew would make it perfectly air-tight) 
inftead of fealing it hermetically; I obferved that, 
in a courfe of time, the quickfilver in that leg kept 
continually rifing, fo that the meafures I marked 
upon it were of no ufe to me y and when I opened 
that end of the tube,, and clofed it again, the feme 
confequence always took place. At length, fuf- 
pe&ing that this effedt muft have arifen from the 
bit of cement diminifhing the air to which it was 
expofed, I covered all the infide of a glafs tube 
with it, and one end of it being quite clofed with 
the cement, I fet it perpendicular, with its open 
end immerfed in a bafon of quickfilver ; and was 
prefently fetisfied that my conjecture was well 
founded y for* in a few days,, the quickfilver rofe 
fo much within the tube,, that the air in the infide 
appeared to be diminifhed about one fixttu 

To change this air I filled the tube with quick¬ 
filver, and pouring it out again, I replaced the tube 
in its former fituation; when the air was diminifhed 
again, but not fo fail as before. The fame lining 
of cement diminifhed the air a third time. How 
long it will retain this power 1 cannot tell. This 
cement had been made feveral months before I 

made 
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made this experiment with it. I muft obferve, 
however, that another quantity of this kind of ce¬ 
ment, made with a finer and more liquid turpen¬ 
tine, had not the power of diminifhing air, except 
in a very fmall proportion. Alfo the common red 
cement has this property in the fame fmall degree. 
Common air, however, which had been confined 
in a glafs veflel lined with this cement about a 
month, was fo far injured that a candle would not 
burn in it. In a longer time it would, I doubt not, 
have become thoroughly noxious. 

I before obferved that air, which had been ex- 
pofed to the effluvia of the common red,cement , was 
injured by it. For this purpofe, I had covered all 
the infide of a phial with it, and placed it, inverted, 
in a veflel of water. Since that time I have re¬ 
peated, or rather continued the experiment, letting 
the fame veflel ftand about nine months in that fitu- 
ation; when, upon examining it, I found it was 
diminiffled one fifth of its bulk, and that it was not 
at all affe&ed by nitrous air. 

Having had fo much to do with red lead ,, in the 
courfe of my late experiments, I had the curiofity 
to try what would be the effed of that procefs by 
which the grey calx of lead is converted into red 
lead. The Ample calcination of lead, I knew to 
be the difcharge of phlogiflon, by which the air 
contiguous to it is diminifhed; and, as far as I 
QjJ have 
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have had an opportunity of obferving, the continu¬ 
ance of the fame procefs, by which the grey calx 
is converted into red lead, is of the fame nature, 
viz. a farther difcharge of phlogifton, and confe- 
quently a diminution of the air. For I threw the 
focus of a burning lens upon a fmall quantity of 
the grey calx of lead, placed under a receiver Hand¬ 
ing in water; and though this operation did not 
make it abfolutely red lead, it gave it a reddilh 
tinge; and I found, by the teft of nitrous air, that 
the air in which the experiment was performed was 
confiderably injured, being not nearly fo much af¬ 
fected by nitrous air as common air is. In fadt, the 
calx of lead imbibes dephlogifticated air from the 
atmofphere, as does the vapour of mercury in the 
experiment above-mentioned. 

Spirit of wine, which affeCts nitrous air in a 
manner fimilar to the effeCt that oil of turpentine 
has upon it, affects common air alfo in a fimilar 
manner, and in both cafes alfo in a much lefs de¬ 
gree. When I agitated a quantity of common air 
in fpirit of wine, it was not much injured, but was 
fenfibly affeCted, as appeared by its not being quite 
fo much diminifhed by nitrous air as it would have 
been before. 

Though ether be an oil, I do not find that it has 
any power of parting with its phlogifton to com¬ 
mon air, fo as fenfibly to injure it. To a phial half 

filled 
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filled with water I put a fmall quantity of ether, 
and then inverted the phial in a bafon of water, fo 
that die air within the phial was expofed to the in¬ 
fluence of the ether. Things being thus circum- 
ftancedj, I obferved that, after fome time, the air 
was diminifhed about one third j but being examin¬ 
ed after it had continued a month in this fituation, 
and all the ether had difappeared, the air was not 
fenfibly changed. It was diminifiied as much as 
before by nitrous air, and was not in the leaft de¬ 
gree inflammable. The reafon of its apparent di¬ 
minution could only be this, that the firft efieft of 
ether, as I obferved a long time ago, is to double 
the bulk of any kind of air into which it is intro¬ 
duced ; but that, in all thefe cafes, part of the in- 
creafe always difappears, probably by the abforp- 
tion of part of the vapour of the ether diffufcd 
through it.. 
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SECTION VIII. 

Of the Power of Oil of Turpentine, both to phlogijii- 
cate and abforb Air. 

T Have obferved that oil of turpentine has the 
power not only of diminifhing, and phlogifti- 
cating, but alio of actually abforbing a very great 
proportion of common air, in a manner that is very 
remarkable. 

The firft time that I expofed common air to the 
influence of oil of turpentine (which was about the 
fame time that I was tiying its effeds upon nitrous 
air, and which I was led to do in confequence of 
obferving its remarkable power of decompofing 
that kind of air) I found that when I placed a phial 
of oil of turpentine with its mouth in a bafon of 
the fame, leaving about one fourth of the contents 
of the phial of common air, it was very confiderably 
diminilhed, and without any agitation, in a few 
hours, fo that it extinguifhed a candle. It had a 
ftill greater effed in diminifhing dephlogifticated 
air. At another time oil of turpentine, applied in 
the fame manner, abforbed more than three fourths 
of a quantity of common air and forne oil of tur- 

pentine a 
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pentine, which had before imbibed a very large 
quantity of nitrous air, alfo diminiflied common 
air, but not in fo great a degree. 

My reader will not wonder that I was exceed¬ 
ingly furprized at this power of oil of turpentine 
to abforb fo great a proportion of common air, in 
the above-mentioned experiment, when he recolledts 
that in no former cafe, had I ever found that com¬ 
mon air was diminifhed more than one fourth by 
any phlogiftic procefs. But that oil of turpentine 
would do much more than this, I had repeated 
proof. I have one memorandum of a quantity of 
oil of turpentine abforbing five fixths of a quantity 
of common air. The refiduum in this experiment 
1 examined very particularly, and found it to be, 
in all refpedts, the fame thing that I have deno¬ 
minated phlogiftic at ed air ; for it did not make lime 
water turbid, was not affetted by nitrous air, and 
extinguilhed a candle. At the fame time four 
fifths of a quantity of dephlogifticated air was ab- 
forbed by the fame fluid, and the f remainder ex- 
tinguifhed a candle; and, I doubt not, would have 
appeared, if it had been examined, to have been 
completely phlogifticated. 

After this I was exceedingly puzzled to find that 
I could not make a quantity of oil of turpentine ab¬ 
forb more than one fourth of the common air to 
y/fiich it was expofed. Even long thne } and agitation , 

ha<* 
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had no more effeft; and yet this was of the very 
fame oil of turpentine that I had made ufe of before. 
But refle&ing on the prodigious difference in thefe 
refults, it occurred to me that, pofiibly, the oil of tur¬ 
pentine, in the ftate in which I firft made ufe of it, 
might have been deprived of all air j and being, 
perhaps, capable not only of imparting phlogifton to 
air, and thereby of diminifhing it in the ufual propor¬ 
tion, but alfo of imbibing the air in JubJlance , it had, in 
the former cafe, produced both thefe effedts; where¬ 
as having fince that time been much expofed to the 
open air, it had become faturated with it, and there¬ 
fore could have no effect of imbibing, but only of 
phlogifticating air, and confequently of diminifhing it 
one fourth, which was the utmoft extent of other 
purely phlogiftic proceffes. 

In order to afcertain this, I placed a quantity of the 
fame oil of turpentine under the receiver of an air- 
pump ; and, exhaufting it, prefently found that it dis¬ 
charged air in great plenty; and immediately after 
this expofing a quantity of common air to it, in tire 
manner mentioned above, I found that, in the fpace 
of a day, one half of it was abforbed. 

In order to try whether other ejfential oils had the 
property of phlogifticating common air, as well as oil 
of turpentine, 1 carefully took out the corks of three 
phials, two of which contained oil of mint, and the 
other oil of cinnamon j and found thitt pieces of red- 

hot 
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hot wood were inftantly extinguiflied in them all; 
fo that I was fully fatisfied that the air was phlogifti- 
cated, without conveying it into other phials through 
water, which would have been attended with the lols 
of the oils. 

Being employed at the fame time in making ex¬ 
periments on caufiic alkali, and other fubftances, to 
afcertain their effects on feveral kinds of air, I placed 
under the fame receiver of the air-pump a quantity 
of oil of turpentine , of caufiic alkali , and of diftilled 
water ; and found that they all contained a good 
deal of air: .and then, nearly filling equal phials with 
each of thefe fluids, and inverting them in bafons of 
the fame, fo that equal quantities of common air 
were left in all the phials, expofed to equal furfaces, 
and equal quantities of the feveral fluids ; I obferved 
that the oil of turpentine immediately and vigoroufly 
abforbed the air, fo that in a few hours it had imbib¬ 
ed about one half of the whole quantity expofed to it, 
while the water had imbibed but very little, and the 
cauftic alkali none at all that I could perceive. 
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SECTION IX. 

Of the Effett of Spirit of Nitre on Air . 

T have fufficient proofs that the nitrous acid, both 
when combined, as it generally is, with water, and 
likewiie when exhibited in the form of vapour, or 
air, is fo loaded with phlogifton, as to be capable of 
diminilhing both the common air, and the nitrous 
air, which are expofed to it. This I thought to be a 
fact of a pretty extraordinary kind; it appeared fo 
much fo to me, that I had expedted the very contra¬ 
ry effedt from the experiments that I made upon it; 
having imagined that, fince the nitrous acid conlti- 
tutes the pureft of all the kinds of air, common air 
wanted nothing more than a greater proportion of this 
acid to become dephlogiftcated air; and thus I was 
in hopes of being mailer of a procels, by which I 
could not only rellore vitiated air to its original pu¬ 
rity, but even improve the purity of common air it- 
felf. 

But when I had got my phials with ground-ftop- 
pers, I introduced the tube of one of them, into 
5 which 



Sefi. IX. pHlogisticated air. 237 

which I had put fome ftrong fpirit of nitre, under the 
edge of a fmall jar, filled with air that had been in¬ 
jured by putrefa&ion about a year before ; and mak¬ 
ing it boil, forced the hot fumes to rife into, and 
m ix with it, for a confiderable time, till the acid 
feemed to be almoft expelled from it; but I could 
not perceive that the air was fenfibly altered by this 
operation. It was no more diminifhed by nitrous 
air than it had been before. 

Then it occurred to me that I had, at that very 
time, a very good opportunity of afcertaining the ef¬ 
fect of the fumes of fpirit of nitre on common air, by 
means of a quantity of ftrong fmoking fpirit of 
nitre, contained in a large phial, one fourth part of 
which was full, and which had not been opened 
for half a year; fo that all die inclofed air, which 
was three fourths of the contents of the phial, had 
been expofed to the vapour of the fpirit of nitre 
all that time. 

By lofing the fpirit of nitre, I might have tranf- 
ferred this air into another veffel; without any mix¬ 
ture of common air; but not chufing to do that, I 
poured it into another phial, by which means I got 
a mixture, three-fourths of which was the air from 
the phial, and one-fourth atmofpherical air, for 
which I had to make an allowance. Examining 
this mixture by the teft of nitrous air, I found that 

• two 
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two meafures of it, and one of nitrous air* occupied 
the /pace of two meafures and a half, and a candle 
would not burn in it j fo that the fpirit of nitre muft, 
as I then thought, have imparted phlogifton to the 
air which had been expofed to it, and in fo great a 
degree, that it had become almoft perfectly noxious; 
as may be eafily concluded, by allowing for the mix¬ 
ture of common and wholefome air with it in this ex¬ 
periment. 

That acid fumes, asfuch, have not this effect upon 
common air, I, at die fame time, afcertained, by 
making the fame experiment on the air of the phial 
which had contained the ftrongeft fpirit of fait ; and, 
I believe, for a longer time. This, however, was 
in all refpeCts as good as common air. 

Afterwards, when I had contrived to fumigate dif¬ 
ferent kinds of air, with the vapour of fpirit of nitre, 
by a lingular kind ofprocefs which will be mention¬ 
ed below, I found that it had no effect whatever up¬ 
on common air; for in this cafe, I believe it con¬ 
tained very little phlogifton. 

I have obferved above, that common air is phlo- 
gifticated by continuing a confiderable time involved 
in the red vapour of fpirit of nitre. This, contrary 
to my expectation, I alfo found to be the cafe with 
the colourlefs, or invifible vapour of fpirit of nitre, 
after aft the colouring phlogiftic matter had been 
1 driven 
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driven out of it. Air that had continued only two 
days in a phial with a glafs Hopper, which contained 
fome of this colourlefs acid, was fenfibly lefs affedted 
by nitrous air than common air was; and die air that 
had been confined in the fame glafs tube in which 
fome of the colourlefs nitrous acid had been placed 
in the land furnace only two days, though the heat had 
been fo fmall as to have produced no change of colour 
in the acid, was fomuch phlogifticated, that one mea- 
fure of it, and one of nitrous air occupied the fpace 
of 1.81 meafures. 

In order to compare the effedts of the fame fpirit 
of nitre on common and on dephlogifticated air, I 
once, for about a fortnight, expofed two half-ounce 
phials, nearly filled with the ftrongeft brown fpirit of 
nitre, one of them to a quantity of common air, and 
the other to about an equal quantity of dephlo¬ 
gifticated air; and I oblerved that the air in each of 
thefe cafes was diminifhed in about die fame propor¬ 
tion, and diat the dephlogifticated air was confider- 
ably injured. T he furface of the fpirit of nitre in each 
of the phials was become much lighter-coloured than 
before, and the brown colour had, throughout, intire- 
ly difappeared; owing, as I then thought, to its hav¬ 
ing parted with its phlogifton; and what I thought 
fomething remarkable, clouds of fome whitilh mat¬ 
ter, not much unlike flowers of zinc, floated on the 

furface 
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furface of the fpirit of nitre in both the phials. The 
quantity of acid was fenfibly diminifhed in both j and 
carefully pouring off the upper and lighter-coloured 
part of the acid in both the phials, I found that they 
yielded nitrous air in nearly the fame proportion, 
which was as four to nine, of what they had done be¬ 
fore ; while the ftronger part of the acid, at the bot¬ 
tom of the phials, yielded nitrous air in die propor¬ 
tion of /even to nine of what they had done before. 

I have found air to be diminifhed by the effluvia 
of nitrous ether . For the air which had been confined 
about a week, in a botde in which a quantity of ni¬ 
trous ether had been kept, was fo much injured, 
that two meafures of it, and one of nitrous air, oc¬ 
cupied the fpace of two meafures and a half! As I 
let a good deal of common air into the phial, at the 
fame time that (not chufing to lofe it) I poured the 
ether out of it into another phial, I conclude that the 
air in the phial was almoft perfectly noxious. 

I alfo found that air was injured by being expofed 
to frefh melted nitre. I had been led to make this 
experiment by obferving that nitre, when it is fufed 
by heat, yields air. Seeing this, I had the curiofity 
to tiy whether it would recover the air it had loft by 
being expofed to the common air, and at the fame 
time to obferve what effe< 5 t this expofure would 
have upon the common air, in order to judge what 

it 
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it was that nitre, in thofe circumftances, took from 
the air. And I find that common air, expofed to 
nitre in thefe circumftances, is a little injured, but 
with fuch circumftances attending the proof of it, as I 
had never obferved before, and which I cannot well 
account for. The fadts were as follow. 

I melted about an ounce of nitre in a crucible, and 
immediately placed it under a receiver Handing in 
water, where it prefently became folid. The next 
morning I examined the air in which it had ftood* 
and found it to be not fo good as common air. 

Afterwards I melted fome nitre in a glafs- 
phial, and the vefiel being broken by the expanfion 
of the nitre in cooling, I expofed the nitre to a quan¬ 
tity of air confined by water, fo that die common air 
had accefs to it on all fides ; whereas, in the former 
experiment, it had been contiguous to it at its fur- 
face only. After about a week I examined this air,by 
the teft of nitrous air, and found it to be confiderably 
worfe than common air ; two meafures of it, and one 
of nitrous air, occupying the fpace of two meafures 
only: whereas the mixture of common air made at 
the fame time, and with part of the fame quantity of 
nitrous air, wasdiminifhed as much asufual. I did 
not carry this experiment any farther, as I did with 
another quantity of common air, which had likewife 
been expofed about a week to melted nitre in the 
fame circumftances. 

VOL. II. 
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Two meafures of this air, and one of nitrous, 
at firft occupied the fpace of little more than two 
meafures ; but it kept continually approaching to 
the degree of diminution of a mixture of common 
air made at the fame time, till after four days the 
difference between them was very fmall. Whether 
after a longer time thefe two mixtures would have 
been reduced to the very fame dimenfions, I cannot 
tell. I made no more experiments of this kind, nor 
have I, in any other refpedt, purlued this lingular 
kind of fadl any farther. 

I obferved that the vapour of marine- acid does 
not injx>re air, and I had the fa heft opportunity of 
trying this; when I had expofed a quantity of this 
acid, in a glafs tube hermetically fealed, during feve- 
ral months, to a fand heat. For the air within this 
tube, being examined feveral months after it had been 
expofed to that heat, was found to be not at all in¬ 
jured. The air which had been confined along with 
vinegar in the fame manner, and the fame fpace of 
time, was fo far injured, that, with an equal 
quantity of nitrous air, the meafures of the teft 
were 1.44* 
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SECTION X. 

Air injured by the Effluvium of Water frejh diftilled, 

N otwithstanding it has been a max¬ 
im with chemifts, that water contradts no 
union with phlogifton, it is acknowledged that water 
frefh diftilled acquires fomething of an empyreuma- 
tic nature, which gives it an unpleafant flavour, and 
which goes off by expofure to the open air. That 
tills Volatile principle is phlogifton I thought that I 
had afcertained by expofing air to the influence of it* 
I took water frefh diftilled in copper, and filled 
a phial about half full of it, and examining the air 
within the phial about a month afterwards, I found 
it fo much phlogifticated, that one meafure of it and 
one of nitrous air occupied the fpace of 1.32 
meafures; when, with the fame nitrous air and com¬ 
mon air, the fame meafures were 1.22* 

In this cafe it might be fufpedted that the phlo¬ 
gifton came from the copper. But at the fame 
time I made a fimilar experiment, with a fimilar re¬ 
sult, on water diftilled in glafs. In this cafe there 
Was more air, and a fmaller quantity of water in the 
phial, but the time of expofure was nearly the fame; 

R 2 and 
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and with this air the meafures of the teft were 1.26. 
It is probable that with more water, more time, 
and lefs air, the refult would have been more conft- 
derably in favour of the water having acquired 
phlogifton in the a£t of evaporation, without any 
communication with fubftances that are thought to 
contain it. This experiment, however, is fufficiently 
fimilar to the others I have recited, in which mere 
heat had the fame effect as the communication of 
phlogifton. However, the true explanation of thefe 
appearances is, that water frefh diftilled, is difpofed 
to imbibe pure air, which, accordingly, may be ex¬ 
pelled from water that has been long expofed to it. 

To thefe obfervations on the phlogiftieation,. as I 
have called it, of air by means of water, I lhall add 
others in which phlogifticated air was, in fome degree, 
purified by agitation in it; which, though I did not 
fufpe&it at the time, muft have been owing to purer 
air from the water, mixing with the more impure air 
agitated in it. 

Having rendered inflammable air perfedtly in¬ 
noxious by continued agitation in a trough of 
water, deprived of its air, I concluded that other 
kinds of noxious air might be reftored by the 
fame means; and I prefently found that this was the 
cafe with putrid air, even of more than a year’s (land¬ 
ing. I (hall obferve once for all, that this procefs 
has never failed to reftore any kind of noxious air on 

which 
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which I have tried it, viz. air injured by refpiration 
or putrefaction, air infeCted with the fumes of burn¬ 
ing charcoal, and of calcined metals, air in which a 
mixture of iron filings and fulphur, or that in which 
paint made of white lead and oil, has flood, or air 
which has been diminifhed by a mixture of nitrous 
air. Of the remarkable effeCt which this procefs 
has on nitrous air itfelf, an account has been given in 
its proper place. 

If this procefs be made in water deprived of air, 
either by the air-pump, by boiling, or by diflillation, 
or if frefh rain-water be ufed, the air will always be 
diminifhed by the agitation; and this is certainly 
the fairefl method of making the experiment. If 
the water be frefh pump-water, there will always be 
an increafe of the air by agitation, the air contained 
in the water being fet loofe, and joining that which is 
in the jar. In this cafe, alfo, the air has never failed 
to be reftored; but then it might be fufpeCled that 
the melioration was produced by the addition of 
fome more wholefome ingredient. As thefe agita¬ 
tions were made in jars with wide mouths, and in a 
trough which had alargelurface expofedto the com¬ 
mon air, I take it for granted that the noxious ef¬ 
fluvia, whatever they be, were firft imbibed by the 
water, and thereby tranfmitted to the common at- 
mofphere. In fome cafes this was fufficiently indi- 
R 3 <j ated 
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cated by the difagreeable fmell which attended the 
Operation. 

I fhall conclude this fe£tion with obferving, that 
1 have found a remarkable difference in different 
kinds of water, with refpeft to their effect on com¬ 
mon air agitated in them, and which I am not yet 
able to account for. If I agitated common air in the 
water of a deep well, near my houfe in Caine, which 
is hard, but clear and fweet, a candle would not burn 
in it after three minutes. The fame was the cafe with 
the rain-water, which I got from the roof of my 
houfe. But in diftilled water, or the water of a 
fpring-well near the houfe, I agitated the air about 
twenty minutes, before it would be fo much injured. 
It may be worth while to make farther experiments 
with refpect to this property of water. 
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SECTION XI. 

Of the Effluvia of Flowers in Air. 

T HE adtion of a plant confidered as fimply ve- 
gitating in air is a thing quite different from the 
effedt that the exhalation of the flowers, and perhaps 
other particular parts of the plant, may have upon it. 
Smell, the old chemifts faid, was an indication of phlo- 
gifton, and I find that the moft delicate flowers in¬ 
jure the air much more than I had imagined. No¬ 
thing is fweeter than a rofe, and yet the fragrant ef¬ 
fluvia of it is far from being favourable to the air in 
-which it is confined. 

On the 25th of June I confined a full blown red 
rofe in about four ounce meafures of common air, 
having covered it with a fmall glafs jar (landing in 
water; and I obferved that, the next day, the air 
was fo much injured, that one meafure of it, and 
another of nitrous air occupied the fpace of 1.75 
meafures; fo that I doubt not that any animal would 
have expired immediately on being put into it. The 
(day following the meafures of the tell were 1.9, an^j- 
R 4 the 
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and the day after fomething more. Notwithftand- 
ing this, when the rofe was withdrawn, it did not 
feem to have loft any thing of its agreeable fra¬ 
grance. 


SECTION XII. 

Of the Hffect of the eleElric Spark on Air. 

1 A I R is diminifhed and rendered noxious by 
^ the define ) A park , though I had no expecta¬ 
tion of this event when I made the experiment. 

The experiments which I made with electricity 
were folely intended to afeertain what has often been 
attempted, but, as far as I know, had never been 
fully accompliftied, viz. to change the blue colour 
of liquors, tinged with vegetable juices, red. 

For this purpole I made ufe of a glafs tube, 
about one tenth of an inch diameter in the infide, 
as in PI. II. fig- 16- In one end of this I cement¬ 
ed a piece of wire b , on which I put a brafs ball. 
The lower part from a was filled with water tinged 
blue, or rather purple, with the juice of turnfole, 

or 
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or archil. This is eafily done by an air-pump, 
the tube being fet in a vefiel of the tinged water. 

Things being thus prepared, I perceived that, 
after I had taken the ele&ric fpark, between the 
wire h and the liquor at *, about a minute, the 
upper part of it began to look red, and in about 
two minutes it was very manifeftly fo; and the red 
part, which was about a quarter of an inch in length, 
did not readily mix with the reft of the liquor. I 
obferved alfo, that if the tube lay inclined while 
I took the fparks, the rednefs extended twice as far 
on the lower fide as on the upper, 

The moft important, though the leaft expe&ed 
obfervation, however, was that, in proportion as 
the liquor became red, it advanced nearer to the 
wire, fo that the fpace of air in which the fparks 
were taken was diminifhed j and at length I found 
that the diminution was about one fifth of the 
whole fpace; after which more ele&rifying pro¬ 
duced no fenfible effect 

To determine whether the caufe of the change 
of colour was in the air y or in the eleElrk matter , 

I expanded the air which had been diminifhed in 
the tube by means of an air-pump, till it expelled 
all the liquor, and admitted frefh blue liquor into 
its place; but after that, eledripity produced no 
fenfible effect, either on the air, or on the liquor j 

fo 
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fo that, as I then thought, it was evident, that the 
eledtric matter had decompofed the air, and had 
made it depofit fomething that was of an acid na¬ 
ture. But Mr. Cavendilh has proved that nitrous 
acid was formed in this procefs by an union of the 
dephlogifticated and phlogifticated air in common air. 

In order to determine whether the wire had 
contributed any thing to this effedt, I ufed wires 
of different metals, iron, copper, brafs, and filver; 
but the refult was the very fame with them 
all. 

It was alfo the fame when, by means of a bent 
glafs tube, I made the eledtric fpark without any 
wire at all, in the following manner. Each leg 
of the tube, PI. II. fig. 19, flood in a bafon of 
quickfilverj which, by means of an air-pump, 
was made to afcend as high as a y a , in each leg, 
while the fpace between a and b in each contained 
the blue liquor, and the fpace between b and b con¬ 
tained common air. Things being thus difpofed, 
I made the eledtric fpark perform the circuit from 
one leg to the other, paffing from the liquor in 
one leg of the tube to the liquor in the other leg, 
through the fpace of air. The effedt was, that the 
liquor, in both the legs, became red, and the fpace 
of air between them was contracted, as before. 
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Air thus diminUhed by eleftricity makes no ef- 
fervefeence with, and is no farther diminifhed by, 
a mixture of nitrous air; fo that it ltmft have been 
in the higheft degree noxious, exa&ly like air di- 
.miniflied by any other procefs. 

I took the electric fpark in common air confined 
by quickfilverj and then, admitting to it water 
tinged blue with the juice of turnfole, it became 
red in the fpace of a day and two nights, but the 
colour did not change prefently. Alfo, after this 
the diminution was greater than it had been be¬ 
fore. 

Having taken the eleftric fpark in common air 
upon quickfilver, as before, it was prefently dimi- 
nilhed as ufualj and the next day without any far¬ 
ther electrification, the diminution was more con- 
fiderable. The third day I admitted to it the 
juice of turnfole, and in about an hour it appeared 
to be red at the top, but was not fenfibly diminifti- 
cd more than before. In lefs than a day it became 
wholly red, and then no farther diminution was ap¬ 
parent. 

I took a quantity of water which had been made 
blue with the juice of turnfole, and which had been 
made feemingly red with the eleCli ic fpark, taken 
in the common air over it; but, on mixing all 
the parts of it together, it refumed its blue colour 

(the 
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(the blue colouring matter having only fubfided to 
the bottom) fo that alteration in the conftitution of 
this liquor by this procefs, though manifeft to the 
eye, is not, in fa£t, fo very confiderable. It is 
evident, however, from the preceding obfervations, 
that it could not be the mere concujjion given to 
the air by the fpark, or Ihock, that had this effeft 
upon it; becaufe when the air was completely 
diminilhed, the Ipark or fliock had no efFe&j and 
the liquor turned red when it was admitted to the 
air a long time after the operation of the ele&iic 
fpark * upon it, while it was confined by quick- 
Alver. 
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SECTION XIII. 

Of the Ejfeft of pit rid Marfhes on Air. 

T O thefe fe&ions on the fubjeft of diminifhed, 
and noxious air, or as it might have been 
called phlogiJHcated air> I fhall fubjoin a letter which 
I addrefifed to Sir John Pringle, on the noxious 
quality of the effluvia of putrid marffles, and which 
was read at a meeting of the Royal Society, Decem¬ 
ber i 6, 1773. 

This letter, which is printed in the Philofophical 
Tranfaftions, vol. 74, p. 90, is immediately fol¬ 
lowed by another paper, to which I would refer 
my reader. It was written by Dr. Price, who has 
fo greatly diftinguifhed himfelf, and done fuch emi¬ 
nent fervice to his countiy, and to mankind, by his 
calculations relating to the probabilities of human 
life, and was fuggefted by his hearing this letter 
lead at the Royal Society. It contains a confirma¬ 
tion of my obfervations on the noxious effects ot 
ftagnant waters, by dedu&ions frotfi Mr. Muret’s 
account of the Bills of Mortality for a parifli fituated 
among marfhes, in the diftrift of V aud, belonging 
to the Canton of Bern in Switzerland. • 


To 





OBSERVATIONS OH 


Part IL 


To Sir JOHN PRINGLE, Baronet. 

DEAR SIR, 

Having purfued my experiments on different 
kinds of air confiderably farther, in feveral refpe&s, 
than I had done, when I prefented the laft account 
of them to the Royal Society j and being encouraged 
by the favourable notice which the Society has 
been pleafed to take of them, I fhall continue my 
communications on this fubjedl. But, without wait¬ 
ing for the refult of a variety of proceifes, which 
I have now going on, or of other experiments, 
which I propofe to make, I fhall, from time to 
time, communicate fuch detached articles, as I 
fhall have given the moft attention to, and with 
refpedt to which, I fhall have been the moft fuc- 
cefsfiil in my enquiries. 

Since the publication of my papers, I have read 
two treatifes, written by Dr. Alexander, of Edin¬ 
burgh, and am exceedingly pleafed with the fpirit 
of philofophical inquiry which they difcover. They 
appear to me to contain many new, curious, and 
valuable obfervations j but one of the conclufionsi 
which he draws from his experiments, I am fatif- 
fied, from my own obfervations, is ill founded, and 

from 
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from the nature of it, muft be dangerous. I 
mean his maintaining, that there is nothing to be ap¬ 
prehended from the neighbourhood of putrid 

marfhes. 

I was particularly furprifed, to meet with fuch an 
opinion as this, in a book infcribed to yourfel£ who 
have fo clearly explained the great mifchief of fuch 
a fituation, in your excellent treatife on the dife&Jes ef 
the army. On this account, I have thought it not 
improper to addrefs to you the following obferva- 
tions and experiments, which I think clearly demon¬ 
strate the fallacy of Dr. Alexander’s reafoning, in- 
difputably eftablifh your do&rine, and indeed juftify 
the apprehenfions of all mankind in this cafe. 

I think it probable enough, that putrid matter, 
as Dr. Alexander has endeavoured to prove, will 
preferve other fubftances from putrcfa&ion; becaule, 
being already faturated with the putrid effluvium, it 
cannot readily take any more; but Dr. Alexander 
was not aware, that air thus loaded with putrid ef¬ 
fluvium is exceedingly noxious when taken into 
the lungs. I have lately, however, had an oppor¬ 
tunity of fully afcertaining how very noxious loch 
air is. 

Happening to ufe at Caine, a mueh larger 
trough of water, for the purpofe of my experiments, 
than I had done at Leeds, and not having frelh water 
fo near at hand as I had there, I negle&ed to change 
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it, till it turned black, and became ofFenfive, but by 
no means to fuch a degree, as to deter me from 
making ufe of it. In this ftate of the water, I ob- 
ferved bubbles of air to rife from it, and efpecially in 
one place, to which fome fhelves, that I had in it, 
directed them; and having fet an inverted glafs 
veffel to catch them, in a few days I collected a con* 
fiderable quantity of this air, which iflued fponta* 
neoufly from the putrid water; and putting nitrous 
air to it, I found that no change of colour or dimi* 
nution enfued, fo that it muft have been, in the 
higheft degree, noxious. I repeated the fame ex¬ 
periment leveral times afterwards, and always with 
the fame refult. 

After this, I had the curiofity to try how whole- 
fomeair would be affe&edby this water; when, to 
my real furprife, I found, that after only one mi¬ 
nute’s agitation in it, a candle would not burn in it; 
and, after three or four minutes, it was in the fame 
ftate with the air, which had iflued fpontaneoufiy 
from the fame water. 

I alio found that common air, confined in a glafs 
veflel, in contact only with this water, and without 
any agitation, would not admit a candle to burn in it 
after two days. 

Thefe fads certainly demonftrate, that air which 
either arifes from ftagnant and putrid water, or 
which has been for fome time in contact with it, 

muft 
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muft be very unfit for refpiration; and yet Qr. 
Alexander’s opinion is rendered fo plaufible by his 
experiments, that it is very poflible that many per- 
fons may be rendered fecure, and thoughtlefs of dan¬ 
ger, in a fituation in which they muft necefiarily 
breathe it. On this account, I have thought it 
right to make this communication as early as I con¬ 
veniently could; and as Dr. Alexander appears to 
be an ingenuous and benevolent man, I doubt not 
but he will thank me for it. 

I am, &c. 

In all the preceding experiments, there is a re¬ 
markable diminution of common, or refpirable air, in 
proportion to which it is always rendered unfit for 
refpiration, indifpofed to effervefce with nitrous air, 
and incapable of farther diminution from any other 
caufe. 

All thefe procefles, I obferved, agree in this 
one circumftance, and I believe in no other, that 
the principle which the chemifts call phlogifton is let 
loofe; and therefore I concluded that the diminution 
of the air was, in fome way or other, the confequence 
of the air becoming overcharged with phlogifton, 
and that water, and growing vegetables, tend to re- 
ftore this air to a ftate fit for refpiration, by imbib¬ 
ing the fuperfluous phlogifton. 

For this reafon-I faid, in the firft account of thefe 
experiments, if it was thought convenient to intro- 
Vol. II. S duce 
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duce a new term (or rather make a new application 
of a term already in nfe among chemifts) it might 
not be amifs to call air that has been diminifhed, 
and made noxious by any of the procefles above 
mentioned, or others fimilar to them, by the com~ 
mon appellation of phlogifiicated air. 

Mr. Lavoifier, however, has proved that in all 
thefe phlcgeftic proceffes , as I termed them, of air, 
the purer, or dephiogifticated part of it, is abforbed, 
though he does not admit that any thing is emit¬ 
ted. In what I fhall advance on the fubjedt of 
phlogifton, reafons will be given for concluding 
that both thofe things take place at the fame, de¬ 
phiogifticated air uniting with the phlogifton emit¬ 
ted from the fubftance to which the air is expofed, 
and forming with it either nitrous acid, or fixed 
air. 
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PART III. 

MISCELLANEOUS OBSERVATIONS RELATING TO 
PHLOGISTICATED AIR. 


SECTION I. 


1. Of the Purity of Air in different Circumjlances. 

'Wf HEN I firft difcovered the property of ni- 
V V trous air as a teft of the wholefomenefs of 
common air, I flattered myfelf that it might be 
of confiderable practical ufe, and particularly that 
the air of diftant places and countries might be 
brought and examined together, with great eafe 
and fatisfaCtion; but I own that hitherto I have 
rather been difappointed in my expectations from 
it. My own obfervations have not, indeed, been 
many j but according to them the difference of the 
open air in different places, as indicated by a mix¬ 
ture of nitrous air, is generally inconflderable; and 
S 2 1 have 
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I have reafon to think that when very unwholefome 
air is conveyed to a great diftance, and much time 
elapfes before it is tried, it approaches, by fome 
means or other, to the ftate of wholefome air. At 
leaft fuch I found to be the worff air that has 
at any time been fent to me into Wiltfliire from dif- 
tant manufacturing towns and workfhops, &c. m 
them, where tlie air was thought to be peculiarly 
unwholefome. I am fatisfied, however, from my 
own obfervations, that air may be very offenfive 
to the noftrils, probably hurtful to the lungs (and 
perhaps alfo in confequence of the prefence of 
phlogiftic matter in it) without the phlogifton be¬ 
ing fo far incorporated with it, as to be difcoverable 
by the mixture of nitrous air. 

I gave fcveral of my friends the trouble to fend 
me air from diftant places, efpecially, from manu¬ 
facturing towns, and the worft they could find to 
be actually breathed by the manufacturers, fuch as 
is known to be exceedingly offenfive to thofe who 
vifit them j but when I examined thofe fpecimens 
of air in Wiltihire, the difference between them 
and the very belt: air in this county, which is 
efteemed to be very good* as alfo the difference 
between them and lpecimens of the belt air in the 
counties in which thofe manufacturing towns are 
fituated, was very trifling. 
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Mr. Boulton of Birmiftgham was To obliging as 
to fend me a great variety of fpecimens of air from 
that manufacturing town, along with an account 
of his own examination of them by the teft of ni¬ 
trous air. I fhall only note his account of four 
of the fpecimens, including the belt and the word, 
and reducing his numbers to my own. 

Meafurc*. 

The air in'a garden near the new church 
The bottom of the old church fteps, very 
low and clofe - \ 

The middle of Mr. Taylor’s manufactory 
The horn button manufactory 

When I examined them myfelf, on the 12th of 
December, 1777, the former was as nearly as pof- 
fible the fame with the air of pretty high ground 
in Wiltfhire; fo that the difference between the 
worft air in the manufactories at Birmingham, and 
very good air was .06. On the 3d of July fol¬ 
lowing, I examined the remainder of the fame fpe¬ 
cimens of air again, and found the difference between 
them and good air to be .02; and at the end of 
October it was only .01. 

Dr. Percival alfo was fo good as to fend me 
feveral fpecimens of air from Manchefter, and one 
from his country houfe at Hart-hill, about three 
miles from Manchefter, the higheft and healthiefl 
fituation in that part of the country. The air of 
S 3 this 
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this place was nearly the fame with that of Wilt- 
ihirej and when I examined the fpecimens he 
fent me on the 3d of July, 1778, the meafures 
of the teft for this air were 1.27, of the air from 
a weaving fiiop in Manchefter 1.305, and of the 
market place 1.295. The difference therefore be¬ 
tween the former and pure air was only .035, and 
of the latter only .025. 

Theworftair that I have yet found breathed by 
men, and that was fent from a diftance, was from 
a coal-pit in the neighbourhood of Briftol. For 
the difference between good air and that which was 
taken in the fhaft of the pit ten yards below the 
mouth was .07, and between the fame and that 
which was taken where the men were at work 
was .21. 

Mr. William Vaughan took the trouble to pr<v 
cure me a fpecimen of air from a calico printing 
houfe, which was exceedingly offenfive, and I have 
no doubt of its having been taken very properly, 
and having been well fecured from all communica¬ 
tion with the external air; and yet when I examin¬ 
ed it in Wiltshire the difference between it and 
good common air was only .02. 

Mr. S. Vaughan, fenior, on his paffage from 
Jamaica, brought me two bottles of air, one from 
the hold of the Ihip, intolerably offenfive, the other 
the frelh air above deck about 30 N. but the dif¬ 
ference 
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fererite between thefe fpecimens of air, and the air 
of Wiltfhire, was quite inconfiderable. 

I have frequently taken the open air in the 
mo ft expofed places in this country at different twines 
of the year , and in different ftates of die weather , &c. 
but never found the difference fo great, as the in¬ 
accuracy arifing from the method of making the 
trial might eafily amount to, or exceed. 

2. Of the State of the Air in Hot-houfes . 

There is generally a fenfe of oppreffion, or dif¬ 
ficult reipiration, felt on entering a hot-houfe , which 
feems to proceed from fomething different from 
mere heat; for we feel nothing of diat fenfation 
in an equally warm, well aired room; but my 
obfervations on this kind of air would not have 
indicated any fuch thing. On the 3d of June, 
1778, I took the air in three feveral hot-houfes 
adjoining to each other, but having different de¬ 
grees of heat, and found that one meafure of that 
air and one of nitrous air occupied the ipace of 
1.29 meafures; when the refult of the fame ex¬ 
periment with the external air, taken at the fame 
time, was 1.27, a difference certainly very incon- 
fiderable. 
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3* Of the State of the Air in Dining-Rooms. 

I-arge and lofty rooms are generally preferable to 
finall and low ones. But this is only the cafe when 
the fame company confine themfelves in it the fame 
lpace of time, with the doors, &c. Hint; for, having 
more air to breathe, it will certainly require more 
time to contaminate it. But when the company is 
large, or precedes are going on that will effectually 
contaminate the air (as many candles burning in the 
room, hot victuals, continuing a long time upon the 
table, &c.) a fmali room is much preferable, unlels 
there be an opening in the top of the large room, 
that will eafily promote a change of air in it. Be- 
caufe the occafional opening of the door in a fmall 
room will generally produce a lufficient change of a 
great part of the air } whereas the height of the door 
bearing but a fmall proportion to the height of a large 
and well proportioned dining room, the opening of 
the door, or even its continuing open, has very little 
efieC't. T lie extreme offenfivenefs of the air inthefe 
circumftances is not perceived by perlons who 
fit in it from the beginning, but it is immediately per¬ 
ceived by perlons who ffep out of the room, and 
return to it. 
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Dining one time in a company of not more than 
eight or ten perfons, in a large and very lofty room; 
and being called out prefently after the cloth was re¬ 
moved, I was much ftruck with the offenfivenefs of 
the air on my return and being willing to afcertain 
the degree in which it was injured, I took occafion on 
fome pretence or other, to pour the water from one 
full decanter into another, and putting in the ftopper, 
faw that nobody opened it till the company feparated. 

I then took the decanter into my laboratory, and ex¬ 
amined the air at my leifure; when it appeared to be 
much contaminated. For one meafure of this air, 
and one of nitrous air, occupied the fpace of one 
1.31 meafures j when the fame experiment being 
made with the air of a well ventulated room in the 
fame houfe, the meafures were 1.25. At the fame 
time I breathed a quantity of air till it juft extin- 
guifhed a candle, and found that the meafures were 
1.43. So that, had the air of the dining room re¬ 
ceived a little more than twice as much more phlogif- 
tic matter, as it was charged with by the breathing of 
thefe eight or ten perfons, the effluvia of the vi&uals, 
&c. a candle would not have burned in the room. I 
would advife, therefore, that when fuch large dining 
rooms are built, provifion be made for letting out 
the vitiated air at the top of them. £ or breathing 
fuch contaminated air fo long a time as it is now 

the 
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the Cuftom to do, at and after dinner, muft be very 
hurtful. Otherwife if it were not inconvenient on 
other accounts, it would be better to have the dinner 
in one room, and the defert in another. 


SECTION II. 


Of the Manner in which Air is phlogiflicated by Means 
of inflammable Air. 

H AVING been led by various experiments to 
exped, and even to believe, that common air 
is ufually phlogiflicated by adually decompofing a 
fmall quantity of inflammable air, admitted to it in 
its nafcent ftate (notwithftanding large quantities of 
inflammable air ready formed have no fenfible effed 
upon it) I wifhed to afcertain fo extraordinary a fad, 
by fome experiments of a more decifive nature, and 
with that view I made the following. 

Firft I took a pot of iron filings and fulphur, 
which I had found to have been in a ftate of yielding 
inflammable air in water about three months, and 

which 
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which I therefore prefumed would continue f or fome 
time in the fame ftate. This pot being introduced 
to a quantity of common air made no addition to it, 
but diminiftied it, and phlogifticated it as ufuaL 
I then took a quantity of this mixture, which had 
yielded inflammable air many months, in a veflel of 
water. On the 2 2d of September I introduced fome 
common air into the veflel in which it was contained, 
and on the 26th of Odtober I obferved that, though 
this mixture, now covered with water, had thrown 
up bubbles of air, which mixed with the common air 
on the furface of the water, that air was fenfibly di- 
minifhed, though not more than one tenth in all, 
and being examined was found to be phlogifticated, 
and to have nothing inflammable in it. At the 
fame time a quantity of dephlogifticated air, expoled 
in a fimilar manner, was diminilhed from eleven and 
a half to one third; and from having been very pure, 
the meafures of the teft, with two equal quantities of 
nitrous air, were now 1.24, A candle burned in it 
better than in common air, but there was nothing 
inflammable in it. 

But die moft decifive experiment that I made of this 
kind was the following. A quantity of iron filings 
and furphur were mixed, and put into a phial filled 
up with water, on the 24th of June 177 9 > anc ^ on 
the 25th of July following it had yielded a quantity 
of inflammable air, which was dien all taken out; 

and 
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and on the 22d of September more inflammable air 
was produced,about two ounce meafures in all. Having 
by this means fatisfied myfelf that this mixture was 
in a ftate of yielding inflammable air, I introduced to 
it a quantity of common air (the phial having been 
always kept inverted in a bafon of water) and on the 
26th of Odtober I found the common air very con- 
fiderably diminilhed. This air then being thrown 
out, the mixture was kept in the phial, now filled 
with water. In thefe circumftances, it continued to 
yield air, and when an ounce meafure and a half 
was produced, which was on the 24th of March 
>780, I examined it, and found it to be ftrongly in¬ 
flammable. There could therefore be no doubt 
but that the common air in this experiment had 
been diminilhed and phlogifticated by an addition of 
inflammable air in its nafcent ftate, or rather after it 
was completely, though but newly formed. 

I do not by any means infer that, becaufe com¬ 
mon air was diminilhed in this cafe, in conlequence 
of an acceflion of inflammable air in its nafcent 
ftate, that it is never diminilhed in any other man¬ 
ner j but perhaps it will be found that all the fub- 
ftances which we know to phlogifticate common 
air are likewife capable of yielding inflammable 
air, if not in the temperature of the atmofphere, 
at leaft by means of beat, or in fome other pro¬ 
ofs* This I found to be the cafe with metals. 
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and it has been feen to be fo, in one inftance, with 
liver of fulphur, and it is remarkably the cafe with 
all putrefactive fubftances. Vaults containing hu¬ 
man excrements are often found to abound with in¬ 
flammable air, and they, like other putrefactive 
fubftances, diminifh common air. 

The preceding experiments on the phlogiftica- 
tion of common air by means of inflammable air, 
led me to try whether a degree of heat fliort of ig¬ 
nition would not make a quantity of inflammable 
air, ready formed, part with its phlogifton to com¬ 
mon air. For this purpofe I mixed two thirds of 
common air with one third of inflammable air, and 
I kept them as hot as I could do without melting 
the glafs veflfel in which they were contained feveral 
hours; but afterwards they occupied the fame 
dimenfions as before. This air was confined in a 
glafs jar, the upper part of which was furrounded 
with hot coals, by means of the inftrument PI. III. 
fig. 4. 

I then tried what length of time would effect in this 
cafe; but though I always found a very fenfible, 
and fometimes a confiderable diminution, the phlo- 
giftication was never completed, and the progrels 
of it always ftopped, without ever proceeding far¬ 
ther in any length of time afterwards. The follow¬ 
ing fadts in proof of this it may be juft worth while 
to recite. 


A mixture 
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A mixture of one third inflammable air and two 
thirds common air, which had been confined by 
water from the 30th of June 1779, was diminilhed 
the 18th of March 1780 one twelfth, and burned 
with a lambent blue flame. 

A mixture of one third inflammable air and two 
thirds common air, from fome time in the month 
of June 1779, was diminifhed one thirteeenth on 
the 20th of July 1780 j but it had been diminilhed 
nearly as much on the 5th of O&ober preceding. 
It burned with a confiderable explofion. 

Another quantity, one third inflammable air from 
marfhes, and two thirds common air, from the 
fame time, was diminilhed one tenth; but on the 
18th of March preceding it was diminilhed one 
twelfth, and then burned with a blue flame. On 
the 20th of July 1780, it burned in the very fame 
manner. 

Exa&ly finiilar to thefe were the experiments 
that I made with various mixtures of dephlogifti- 
cated air and inflammable air. Air one half in¬ 
flammable and one half dephlogifticated, mixed in 
June 1779, was on the 20th of July 1780 diminilh¬ 
ed one fifth; but it had been diminilhed two thirds 
of this the 4th of Oftober preceding. It burned with 
a confiderable explofion. 

Another mixture of the fame kind, and made at 
the fame time, was, on the 3d of July 1779, dimi¬ 
nilhed 
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niflied two elevenths, and on the firft of January 
17 80, it was diminifhed two fifteenths more. On t he 
20th of July i 7 ^°j it was in the very fame ftate, and 
burned with a very confiderable explofion. 


SECTION HI. 

Of the Effect of IFiter on phlogifticated slir. 

T N the infancy of my experiments I concluded, 
A that all kinds of air were brought by agitation in 
water to the fame ftate, the purefl air being partially 
phlogifticated, and air completely phlogifticated 
being thereby made purer; inflammable air alfb 
lofing its inflammability, and all of them being 
brought into fuch a ftate, as that a candle would 
juft go out in them. This inference 1 made from 
all the kinds of air with which I was then acquaint¬ 
ed, and which did not require to be confined by 
mercury, being brought to that ftate by agitation in 
a trough of water, the furface of which was expofed 
the open air; never imagining that when the air 
1 in 
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in my jar was feparated from the common air by a 
body of water, generally about twelve inches in 
depth (adding that within to that without the jar) 
they could have any influence on each other. I 
have, however, been long convinced that, impro¬ 
bable as it then appeared to me, this is actually the 
cafe, though a fad fo remarkable well deferves to 
be farther attended to. 

As I have no where recited any experiments 
which prove that this change in the ftate of the air, 
agitated in water, depends upon that water having 
fome communication with the atmofphere, I lhall 
do it here, after an account of fome other experi¬ 
ments, from which it is equally evident that, not- 
withftanding every poflible precaution, the air will 
be changed if there be that communication. 

I agitated, a quarter of an hour, about three 
ounce meafures of air, phlogifticated with nitrous 
air, in a veflel containing twenty ounces of water, 
which had been boiled feveral hours, and while it 
was very warm ; after which it was diminiflied one 
fixth, and was fo much improved, that the ftandard 
of it was 1.74. The next day I agitated the re¬ 
mainder of it another quarter of an hour in the 
water which had been boiled at the fame time, when 
it was diminifhed about one tenth, and the ftandard 
of it was 1.57. 


I alfo 
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I alfo agitated the fame quantity of air, phlogif- 
ticated with iron filings and fulphur, in the fame 
manner twenty minutes, when it was diminifhed 
one feventh, and the ftandard of it was 1.66. 

I afterwards expelled a little air from the water in 
which this air had been agitated j and from that with 
which the firft of thefe experiments was made, I got 
air, the ftandard of which was 1.66; and from the 
water in which the fecond experiment was made, air 
of the ftandard of 1.33. I n this a candle would 
have burned. It is evident, from the diminution of 
the air in thefe experiments, that part of it is ab- 
forbed by the water. But it is no lefs evident, as 
will appear by the next experiment, that the place 
of fome part of the air which had been abforbed 
was fupplied by a purer air, which the water had 
imbibed from the atmofphere. That water does 
imbibe the purer part of atmofpherical air, in pre- 
ference to that which is impure, is evident from 
the air that is expelled from it by heat. For if the 
water be clear, and free from any thing that is putref- 
cent, the air expelled from it is generally of the ftan¬ 
dard of 1.0; whereas, that of the atmofphere, 
when the nitrous air is the pureft, is about 1.2. 

But the experiment which decifively proved that 
my former conclufion was fallacious was the follow¬ 
ing. After expelling all air, by boiling, from a 
V° L . II. T quantity 
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quantity of water, I put to it, in feparate phials, 
air that had been phlogifticated with iron filings 
and fulphur j and corking them very well, I left 
them with their mouths in water, and occafion- 
ally agitated them. After about two months I 
examined them, and I found both the air that was 
confined by the water, and alfo that air which by 
heat I expelled from the water, completely phlo- 
gifticated. The fame was the refult of a fimilar 
experiment, in which the air had been expelled 
from the water by the air-pump. 
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BOOK VI. 

OF SOME KINDS OF AIR THAT ARE REA¬ 
DILY ABSORBED BY WATER. 


part I. 

OF MARINE ACID AIR. 


SECTION I. 

The Hi/lory of the Dtfcovery of this KM of Air. 

T) EING very much llruck with the refult of 
an experiment of Mr. Cavendilh’s, related Phil. 
Pranf. Vol. LVI. p. 157, by which, though, he 
ays, he was not able to get any inflammable air 
rom copper, by means of fpirit of fait, he got a 
JDuch more remarkable kind of air, viz. one that 
oft its elafticity by coming into contact with water, 
was exceedingly defirous of making myfelf ac- 
^ 2 quainted 
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quainted with it. On this account, I began with 
making the experiment in quickfilver, which I never 
failed to do in any cafe in which I fufpedted that 
air might either be abforbed by water, or be in any 
other manner affedted by it 5 and by this means I 
prefently got a much more drftindi idea of the na¬ 
ture and effedts of this curious folution. 

Having put fome copper filings into a fmall 
phial, with a quantity of fpirit of fait; and making 
the air (which was generated in great plenty, on 
the application .of heat) afcendinto -a tall glafs vef- 
fel full of quickfilver, and Handing in quickfilver, 
the whole produce continued a confiderable time 
without any change of dimenfions. I then intro¬ 
duced a quantity of water to it; when about three 
fourths of it (the whole being about four ounce 
meafures) prefently, but gradually, difappeared, the 
quickfilver rifing in the vefiel. 

Having frequently continued this procefs a long 
time after the admiflion of the water, I was much 
amufed with obferving the large bubbles of the 
newly generated air, which came through the quick¬ 
filver, the fudden diminution of them when they 
came to the water, and the very fmall bubbles 
which went through the water. They made, how¬ 
ever, a continual, though flow, increafe of inflam¬ 
mable air. 
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The folution of lead in the marine acid is attend¬ 
ed with the very fame phenomena as the folution 
of copper in the fame acid; about three-fourths of 
the generated air difappearing on the admiffion of 
water; and the remainder being inflammable. 

I had always thought it fomething extraordinary 
that a fpecies of air fliould loje its elajlicity by the 
mere contact of any thing, and from the firll fuf- 
pe< 5 ted that it muft have been imbibed by the water 
that was admitted to it; but fo very great a quan¬ 
tity of this air difappeared upon the admiffion of a 
very final! quantity of water, that at firfl J could 
not help concluding that appearances favoured the 
former hypothefis. I found, however, that when 
I admitted a much fmaller quantity of water, con¬ 
fined in a narrow glafs tube, a part only of the air 
difappeared, and that very flowiy, and that more 
of it vanifhed upon the admiffion of more water 
This obfervation put it beyond a doubt, that this 
air was properly imbibed by the water, which, be¬ 
ing once fully faturated with it, was not capable of 
receiving any more. 

The water thus impregnated tailed very acid, 
even when it was much diluted with other water, 
through which the tube containing it was drawn. 
It even diflolved iron very fall, and generated in¬ 
flammable air. This laft obfervation, together 
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with another which immediately follows, led me to 
the difeovery of the true nature of this remarkable 
kind of air. 

Happening, at one time, to ufe a good deal of 
copper and a fmall quantity of lpirit of fait, in the 
generation of this kind of air, I was furprized to 
find that air was produced long after, I could not 
but think that the acid muft have been faturated 
with the metal; and I alfo found that the propor¬ 
tion of inflammable air to that which was abforbed 
by the water continually diminiflied, till, inftead of 
being one fourth of the whole, as I had firft ob- 
ferved, it was r*ot fb much as one twentieth. Upon 
this, I concluded that this fubtle air did not arife 
from the copper, but from the fpirit of fait; and 
prefently making the experiment with the acid 
cnly, without any copper, or metal of any kind, 
this air was immediately produced in as great plen¬ 
ty as before; fo that this remarkable kind of air 
is, in fa£t, nothing more than the vapour, or fumes 
of fpirit of fait, which appear to be of fuch a nature, 
that they are not liable to be condenfed by cold, 
like the vapour of water, and other fluids, and 
therefore may be very properly called an acid air , 
or more reftrictively, the marine acid air . 

When this air is all expelled from any quantity of 
fpirit of fait, which is eafily perceived by the fub- 
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fequent vapour being condenfed by cold, the re¬ 
mainder is a very weak acid, barely capable of dif- 
folving iron. 

In my firft experiments on this fpecies of air, I pro¬ 
cured it from fpirit of fait, but I afterwards, hit up¬ 
on a much lefs expenfive method of getting it, by 
having recourfe to the procefs by which the fpirit 
of fait is itfelf originally made. For this purpofe 
I fill a fmall phial with common fait, pour upon it a 
fmall quantity of concentrated oil of vitriol, and re¬ 
ceive the fumes emitted by it in a vefiel previoufly 
filled with quickfilver, and Handing in a bafon of 
quickfilver, in which it appears in the form of a 
perfeftly tranfparent air , being precifely the fame 
thing with that which 1 had before expelled from 
the fpirit of fait. 

This method of procuring acid air is the more 
convenient, as a phial, once prepared in this manner, 
will fuffice, for common experiments, many weeks * 
efpecially if a little more oil of vitriol be occafionally 
put to it. It only requires a little more heat at the 
laft than at the firft. Indeed, at the firft, die heat 
of a perfon’s hand will often be fufficient to make it 
throw out the vapour. In warm weather it will 
even keep fmoaking many days without the appli¬ 
cation of any other heat. 

On this account it fhould be placed where there 
are no inftruments, or any thing of metal, that can 
be corroded by this acid vapour. It is fromdear- 
T 4 bought 
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bought experience that I give this advice. It may 
eafijy be perceived when this phial is throwing out 
this acid vapour, as it always appears, in the open 
air, in the form of a light cloud; owing, I fuppofe, 
to the acid attracting to itfelf, and uniting with, the 
moifture that is in the common atmofphere. 


SECTION II. 

The Effect of Marine Acid Air on Subfiances containing 
Phlogifion. 

B EING now in the pofieffion of a new fubjeCt of 
experiments, viz. an elaftic acid vapour, in the 
form of a permanent air, eafily procured, and effectu¬ 
ally confined by glafs and quickfilver, with which it 
did not feem to have any affinity; I immediately 
began to introduce a variety of fubftances to it, in 
order to afeertainits peculiar properties and affinities, 
and alfo the properties of thofe other bodies with re- 
fpeCt to it. 

Iron filings, being admitted to this air, were dif- 
folved by it pretty faft; half of the air, difappearing, 
and the other half becoming inflammable air, not 

abforbed 
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abforbed by water. Putting chalk to it, fixed air 
was produced. 

I had not introduced many fubftances to this air, 
before I difcovered that by means of it, inflamma¬ 
ble air was produced from moil fubftances that con¬ 
tain phlogifton. 

Inflammable air was produced, when to this acid 
air I put fpirit of wine, oil of olives, oil of turpen¬ 
tine, charcoal, phofphorus, bees-wax, and even ful- 
phur. This laft obfervation, I own, furprized me; 
for, the marine acid being reckoned the weakeft of 
the three mineral acids, I did not think that it had 
been capable of diflodging the oil of vitriol from 
this fubftancej but I found that it had the very 
fame effect both upon alum and nitre j the vitriolic 
acid in the former eafe, and the nitrous in the latter, 
giving place to the ftronger vapour of fpirit of 
fait. 

The ruft of iron, and the precipitate of nitrous 
air made from copper, alfo imbibed this air very 
faft, and the little that remained of it was inflam¬ 
mable air; which proves, that thefe calces contain 
phlogifton. 

As lome remarkable circumftances attend the 
abforption of this acid air, by the fubftances above- 
mentioned, I fhall briefly mention them. 

Spirit of wine abfords this air as readily as water 
itfelf, and is increafed in bulk by that means. Alfo, 

when 
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when it is faturated, it difTolves iron with as much 
rapidity, and ftill continues inflammable. 

Oil of olives abforbs this air very flowly, and at 
the fame time, it turns almoft black, and becomes 
glutinous. It is allb lefs mifcible with water, and 
acquires a very difagreeable fmell. By continuing 
upon the furface of the water, it became white, and 
its ofFenfive fmell went off in a few days. 

Oil of turpentine abforbed this air very faft, 
turning brown, and almoft black. No inflamma¬ 
ble air was formed, till I railed more of the acid 
air than the oil was able to ablorb, and let it Hand 
a conflderable time; and ftill the air was but weakly 
inflammable. The lame was the cale with the oil 
of olives, in the laft-mentioned experiment and 
it feems to be probable, that, the longer this acid 
air had continued in contad with the oil, the more 
phlogifton it would have extraded from it. 

Bees-wax abforbed this air very flowly. About 
the bignefs of a hazel nut of the wax being put to 
three ounce meafures of the acid air, the air was 
diminilhed one half in two days, and, upon the 
admiflion of water, half of the remainder alfo dif, 
appeared. This air was ftrongly inflammable. 

Charcoal abforbed this air very fall:. About one 
fourth of it was rendered immifcible in water and 
was but weakly inflammable. 


A fmall 
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A fmall bit of phojphorus , perhaps about half a 
grain, fmoked, and gave light in the acid air, juft 
as it would have done in common air confined. It 
was not fenfibly wafted after continuing about 
twelve hours in that ftate, and the bulk of the 
air was very little diminilhed. Water being ad¬ 
mitted to it abforbed it as before, except about 
one fifth of the whole. It was but weakly inflam¬ 
mable. 

Putting feveral pieces of Julphur to this air, it 
was abforbed but flowly. In about twenty four 
hours about one fifth of the quantity had difap- 
peared; and water being admitted to the remain': 
der, very little more was abforbed. The remain¬ 
der was inflammable, and burned with a blue 
flame. 

Notwithftanding the affinity which this acid air 
appears to have with phlogifton, it did not at firft 
appear that it was capable of depriving all bodies 
of it. I found that dry wood, crufts of bread, and 
raw flelh, very readily imbibed this air, but did not 
part with any of their phlogifton to it. All thefe 
fubftances turned very brown, after they had been 
fome time expofed to this air, and tailed very 
ftrongly of the acid when they were taken out; 
but the flefh, when walhed in water, became very 
white, and the fibres eafily feparated from one an¬ 
other, 
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other, even more than they would have done if it 
had been boiled or roafted. 

But I afterwards obferved that, by giving it more 
time, it will extract phlogifton from fubftances 
from which I at firft concluded that it was not 
able to do it, as from dry wood, crufts of bread 
not burned, and dry flefh. As there was fomething 
peculiar to itfelf in the procefs or refult of each of 
thefe experiments, it may not be improper to men- 
tion them diftindtly. 

Pieces of dry cork wood being put to the acid 
air, a fmall quantity remained not imbibed by water, 
and was inflammable. 

"V ery dry pieces of oak 3 being expofed to this 
air a day and a night, after imbibing a confiderable 
quantity of it, produced air which was inflammable 
indeed, but in the flighteft degree imaginable. It 
feemed to be very nearly in the ftate of common 
air. 

A piece of ivory imbibed the acid vapour very 
flowly. In a day and a night, however, about half 
an ounce meafure of permanent air was produced, 
and it was pretty ftrongly inflammable. The ivory 
was not difcoloured, but was rendered fuperficialiy 
foft and clammy, rafting very acid. 

Pieces of beef, roafted, and made quite dry, but 
not burned, abforbed the acid vapour flowly ', and 

when 
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when it had continued in this fituation all night 
from five ounce meafures of the air, half a meafure 
was permanent, and pretty ftrongly inflammable 
This experiment fucceeded a fecond time exadtly 
in the fame manner; but when I ufed pieces of 
white dry chicken flejh, though I allowed the fame 
time, and in other refpefts the procefs feemed to 
go on in the fame manner, I could not perceive 
that any part of the remaining air was inflamma- 
ble. 

That inflammable air is produced from charcoal 
in acid air I obferved before. I afterwards found 
that it may likewife be procured from pit-coal 
without being charred. 

Inflammable air I had alfo obferved to arife 
rom the expofure of fpirit of wine, and various oily 
iubltances, to the vapour of fpirit of fait. I have 
fince made others of a fimilar nature, and as pe¬ 
culiar circumftances attended fome of thefe experi¬ 
ments, I fhall recite them more at large. 

EJfential oil of mint abforbed this air pretty faft, 
and prefently became of a deep brown colour! 
When it was taken out of this air it was of the 
confiftence of treacle, and funk in water, lmelling 
differently from what it did before; but Hill the 
fmell of the mint was predominant. Very little or 
none of the air was fixed, fo as to become inflam¬ 
mable ; 
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mable; but more time would probably have pro¬ 
duced this effedt. 

Oil of turpentine was alfo much thickened, and 
became of a deep brown colour, by being faturated 
with acid air. 

Ether abforbed acid air very faft, and became firfl: 
of a turbid white, and then of a yellow and brown 
colour. In one night a confiderable quantity of 
permanent air was produced, and it was ftrongly 
inflammable. 

Having, at one time, fully faturated a quantity of 
ether with acid air, I admitted bubbles of com¬ 
mon air to it, through the quickfilver, by which 
it was confined, and obferved that white fumes were 
made in it, at the entrance of every bubble, for a 
confiderable time. 

At another time, having fully faturated a fmall 
quantity of ether with acid air, and having left 
the phial in which it was contained nearly full of 
the air, and inverted, it was by fome accident over¬ 
turned ; when, inftantly, the whole room was filled 
with a vifible fume, like a white cloud, which had 
very much the fmell of ether, but peculiarly offen- 
flve. Opening the door and window of the room, 
this light cloud filled a long pafiage, and another 
room. In the mean time the ether was feemingly 
all vanilhed, but fome time after the furface of the 
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quickfilver In which the experiment had been made 
was covered with a liquor that tailed very acid; arif- 
ing, probably, from the moillure in the atmofphere 
attracted by the acid vapour with which the ether had 
been impregnated. 

This vilible cloud I attribute to the union of the 
moillure in the atmofphere with the compound of 
the acid air and ether. I have lince faturated other 
quantities of ether with acid air, and found it to be 
exceedingly volatile, and inflammable. Its exhala¬ 
tion was alfo vifible, but not in fo great a degree 
as in the cafe above-mentioned. 


Camphor was prefently reduced to a fluid Hate 
by imbibing acid air, but there feemed to be fome- 
thing of a whitilh fediment in it. After continuing 
two days in this lituation I admitted water to it; 
immediately upon which the camphor refumed its 
former folid Hate, and to appearance was the very 
lame fubllance that it had been before; but the talle 
of it was acid, and a very fmall part of the air was 
permanent, and flightly inflammable. 

As the acid-air feemed to have a near affinity with 
phlogillon, I expedled that the fumes of liver of Jul- 
phur , which chemills agree to be phlogiftic, would 
have united with it, fo as to form inflammable air; but 
I was difappointed in that expeftation. This fubllance 
imbibed half of the acid air to which it was intro- 
5 duced $ 
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duced; one fourth of the remainder, after ftanding 
one day in quickfilver, was imbibed by water, 
and what was left extinguiftied a candle. This ex¬ 
periment, however, feemed to prove that acid air and 
phlogifton may form a permanent kind of air that is 
not inflammable. 

I afterwards made another experiment of the fame 
kind, rather more decifive than the former. I put 
feveral pieces of liver of fulphur to a quantity of ma¬ 
rine acid air; when I obferved that it prefently be¬ 
gan to be abforbed, and it continued in that ftate till 
one-half of the whole had difappeared. By rhis time 
the liver of fulphur, which had been of a greenifh or 
yellowifti colour, became white. Afterwards more 
liver of fulphur abforbed more of this air; but after 
two days the pieces began to diflolve, and at length 
they became one liquid mafs, the air ftill diminiftiing 
very gradually. In this ftate I admitted water to 
the air; but by this very little more of it was abforb¬ 
ed ; and that which remained was about one-fourth 
of the original quantity, and extinguiftied a candle. 
The whole procefs was three days. 
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SECTION Ili. 

Mi[cellaneous Objervations relating to marine acid Air. 

T>EING defirous of afcertainingwhether the ma- 
rine acid air would combine with the fame 
fubftances that the marine acid difiblved, I made the 
trial with the flowers of zinc and red lead; and found 
that both thefe fubftances abforbed a very great quan¬ 
tity of that air. 1 therefore conclude that whether 
the marine acid be combined with water, or not, it 
has the fame affinity with thefe earthy fubftances. 

I found that two grains and a half of rain-water ab¬ 
forbed three ounce meafures of this air, after which 
it was increafed one third in its bulk, and weighed 
twice as much as before; fo that this concentrated 
vapour feems to be twice as heavy as rain-water. 
Water impregnated with it makes the ftrongeft fpirit 
of fait that I have feen, diflolving iron with the 
moft rapidity. Confequently, two thirds of the beft 
fpirit of fait is nothing more than mere phlegm, or 
water. 

The following experiments are thofe in which the 
ftronger acids were made ufe of, and therefore they 
may afllft us farther to afcertain their affinities with 
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certain fubftances, with rcfpedt to this marine acid in 
the form of air. I put a quantity of ftrong concen¬ 
trated oil of'vitriol to acid air, but it was not at all af- 
fe&ed by it in a day and a night. In order to try 
whether it would not have more power in a more con- 
denfed ftate, I comprefied it with an additional at- 
mofphere; but upon taking off this prefture, the 
air expanded again, and appeared to be not at all di- 
minilhed. I alfo put a quantity of ftrong fpirit of 
nitre to it without any fenfible effect. We may con¬ 
clude, therefore, that the marine acid, in this form 
of air, is not able to diftodge the other acids from 
their union with water. 

Blue vitriol , which is formed by the union of the 
vitriolic acid with copper, turned to a dark green the 
moment it was put to the acid air, which it ablorbed, 
though flowly. Two pieces, as big as fmall nuts, 
ablorbed three ounce meafures of the air in about 
half an hour. The green colour was very luperficial; 
for it was eafily wiped or walked oft". 

Green copperas turned to a deeper green upon be¬ 
ing put into this acid air, which it ablorbed flowly. 
While copperas abforbed this air very faft, and was 
diflolved in it. 

Sal ammoniac , being the union of fpirit of flflt with 
volatile alkali, was no more affe&ed with this acid 
air than, as I have obferved before, common fait 


was. 


When 



sm. hi. 


MARINE ACID AIR. 


29I 


When I put a piece of nitre to this air it was 
prefently furrounded with a white fume, which foon 
filled the whole veffel, exa&ly like the fume which 
burfts from the bubbles of nitrous air, when it is ge¬ 
nerated by a vigorous fermentation, and fuch as is 
feen when nitrous air is mixed with this acid air. In 
about a minute, the whole quantity of air was ab- 
forbed, except a very little, which might be the com¬ 
mon air that had lodged upon the furface of the fpirit 
of fait within the phial. I have fince repeated the 
experiment; but the refult was nothing more than 
might have been predi&ed; for the nitrous acid, dif- 
lodged from its bafe by tire marine, had diffolved 
fome of the quickfilver, and formed nitrous air, oc¬ 
cupying one-half of the whole fpace that had been 
filled by the marine acid air. 

A piece of alum expofed to this air turned yellow, 
ablbrbed it as fall as the nitre had done, and 
was reduced by it to the form of a powder. It had 
the fame effect on borax. Common fait, as might 
be expe&ed, had no effeft whatever on this marine 
acid air., 

Fine white Jugar ablbrbed this air llowly, was 
thoroughly penetrated with it, became of a deep 
brown colour, and acquired a fmell that was pecu¬ 
liarly pungent. 

A piece of quick-lime being put to about twelve or 
fourteen ounce meafures of this acid air, and continu- 
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ing in that fituation about two days, there remained 
one ounce meafure of air that was not abforbed by wa¬ 
ter, and it was very ftrongly inflammable, as much fo 
as a mixture of half inflammable and half common 
air. Very particular care was taken that no com¬ 
mon air mixed with the acid air in this procels. At 
another time, from about half the quantity of acid 
air above mentioned, with much lefs quick-lime, and 
in the (pace of one day, I got half an ounce meafure 
of air that was inflammable, in a flight degree only. 
This experiment proves that fome part of the phlo- 
gifton which efcapes from the fuel, in contact with 
which the lime is burned, adheres to it. But I am 
very far from thinking that the caufticity of quick¬ 
lime is at all owing to this circumftance. 

The remaining experiments, in which this acid air 
was principally concerned, are of a mifcellaneous na¬ 
ture. 

I put a piece of dry ice to a quantity of this acid 
air, taking it with a forceps, which, as well as the 
air itfelf, and the quickfllver by which it had been 
confined, had been expoled to the open air for an 
hour, in a pretty ftrong froft. The moment it 
touched the air it was diflolved as fall as it would 
have been by being thrown into a hot fire, and 
the air was prefently imbibed. Putting frelh pieces 
of ice to that which was diflolved before, they 
were alio diflolved immediately, and the water thus 

procured * 
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procured did not freeze again, though it was expofed 
a whole night, in a very intenfe froft. 

Flies and fpiders die in acid air, but not fo quickly 
as in nitrous air. This furprized me very much; as 
I had imagined that nothing could be more fpeedily 
fatal to all animal life than this pure acid vapour. 

Marine acid air extinguilhes flame, and is much 
heavier than common air; but how much heavier, 
will not be ealy to afcertain. A cylindrical glafs vef- 
fel, about three fourths of an inch in diameter, and 
four inches deep, being filled with it, and turned up- 
fide down, a lighted candle may be let down into it 
more than twenty times before it will burn at the bot¬ 
tom. It is pleafing to obferve the colour of the 
flame in this experiment; for both before the candle 
goes out, and alfo when it is firft lighted again, it 
burns with a beautiful green, or rather light-blue 
flame, fuch as is feen when common fait is thrown 
into the fire. 

I fhall conclude my account of thefe experiments 
with obferving, that the ele&ric fpark is vifible in this 
acid air, exactly as it is in common air; and though 
I kept making this fpark a confiderable time in a 
quantity of it, I did not perceive that any fenfible al¬ 
teration was made in it. A little inflammable air 
was produced, but not more than might have come 
from the two iron nails which I made ufe of in tak¬ 
ing the fparks. 

U 3 At 
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At another time, having made about fifty ele&ric 
explofions of a common jar, in a fmall quantity of 
the marine acid air , confined in a glafs-fyphon by 
quickfilver, I obferved that it was a little diminifhed, 
and that a finall part of the infide of the glafs, next 
to the quickfilver, was tinged white. Water admit¬ 
ted to this air abforbed fo much of it, that no expe¬ 
riment could be made on the remainder. 
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SECTION I. 

tfhe Hiftory of the Difcovery. 

T Had no fooner exhibited the marine acid in the 
form of air, than it occurred to me that it 
might be poffible to exhibit the other acids alfo in 
the iame elegant manner, diverted of the water with 
which they had hitherto been combined, and which 
muft necerthrily have been a great obftrudtion to 
die difcovery of their real natures and affinities; 
but not being a practical chemift, and living in the 
country, where I had no accefs to any perfon of 
that profeffion (and indeed not being fufficiently 
able to explain my wants) I met with many hin¬ 
drances in the profecution of my inquiries into this 
fubjedt. 

My firft fcheme was to endeavour to get the 
‘vitriolic acid in the form of air, thinking that it 
U 4 would 
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would probably be eafy to confine it by quickfilver $ 
for as to the nitrous acid, its affinity with quick¬ 
filver is fo great, that I defpaired of being able to 
confine it to any purpofe. I therefore wrote to my 
friend Mr. Lane, to procure me a quantity of vola~ 
tile vitriolic acid , which is the common vitriolic 
acid combined with phlogifton, at the time that 
I was intent upon the profecution of my former 
experiments; but by fome miftake of my mean¬ 
ing, a different thing from what I intended was 
fent me. 

Seeing Mr. Lane the winter following, he told 
me that if I would only heat any oily or greafy 
matter with oil of vitriol, I fhould certainly make 
it the very thing I wanted, viz. the volatile 3 or Jul- 
phureous vitriolic acid - 3 and accordingly I meant to 
have proceeded upon this hint, but was prevented 
from purfuing it, by a variety of engagements. 

Some time after this, I was in company with 
Lord Shelburne at the feat of Monf. Trudaine, at 
Montigny in France; where, with that generous 
and liberal fpirit by which that nobleman is diftin- 
guiffied, he has a complete apparatus of philofo- 
phical inftruments, with every other convenience 
and affiftance for purfuing fuch philofophical in¬ 
quiries as any of his numerous guefts lhall chufe 
to entertain themfelves with. In this agreeable re¬ 
treat 
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treat I met with that eminent philofopher and 
chemift, Monf. Montigni, Member of the Royal 
Academy of Sciences; and converting with him 
upon this fubje£t, he propofed our trying to con¬ 
vert oil of vitriol into vapour, by boiling it with 
a pan of charcoal in a cracked phial. This fcheme 
not anfwering our purpofe, he next propofed our 
heating it together with oil of turpentine. Accord¬ 
ingly we went to work upon it, and foon produced 
a quantity of fame kind of air confined by quick- 
filver j but our recipient being overturned by the 
fuddennefs of the production of air, we were not 
able to catch any more than the firft produce, which 
was little elfe than the common air which had lodg¬ 
ed on the furface of the liquor, and which appeared 
to be a little phlogifticated, by its not being much 
affected by a mixture of nitrous air. 

Having no opportunity of repeating the experi¬ 
ment at that time, I did nothing with a view to it 
till my return to England 5 when, on the 26th of 
November, 1774, I refumed the operation, begin¬ 
ning with olive oil , and by the help of a more con¬ 
venient kind of glafs veffel, reprefented fig. a, PI. IV. 
which I had procured for thefe and other fimilar 
purpofes, I found very little difficulty in the pro- 
fecution of the experiments. 

As I wifh that my reader may enjoy the benefit 
of my experience, I would caution him, if he chufe 
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to repeat the experiments, not to put too much oil, 
or any other fimilar fubftance, to the oil of vitriol, 
in order to produce this air. I began with ufing 
about one fifth part of common oil, leaving fpace 
enough, as I thought, in the phial, for the ebullition 
that might be occafioned by the production of air. 
But as foon as the vefiel was heated to a certain 
degree, the production of air was exceedingly rapid; 
and though I withdrew the candle which I had ap¬ 
plied to it for that purpofe, the ebullition continued 
to increafe, till, the capacity of the tube not being 
fufficient for the tranfmifiion of the generated air, 
the cork was driven out of the phial, and all the 
contents of it exploded. 

After this I only (lightly covered the fpirit of 
vitriol in the phial with olive oil, and then the 
phenomena were fimilar to thofe in the former ex¬ 
periment, at the fame time that the procefs was 
more manageable; for, by applying or withdraw¬ 
ing the candle, as I faw occafion, I got what quan¬ 
tity of air I pleafed; and removing the phial, in 
this (late of ebullition, from one vefiel to another, 
I filled feveral of them with this new fpecies of air, 
as eafily as I had been ufed to do it with the marine 
acid air; and the whole procefs was as pleafino- 
and as elegant. Indeed, this manner of producing 
air from fubftances contained in fmall phials, and 
receiving the produce in quickfilver, when it is cf 

fuch 
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fuch a nature that it cannot be confined by water, 
has never failed to ftrike every perfon to whom I 

have Shewed it. 

The moment that I faw the acid of vitriol af- 
fume the form of air by the addition of phlogifton, 
I concluded that the marine acid alfo muft have 
been capable of being exhibited in the fame man¬ 
ner, by means of the phlogifton which it naturally 
contains, and which is infeparable from it; and 
moreover, that, probably, fome portion of phlo¬ 
gifton may be necefiary to the volatility and elafti- 
city of all fubftances whatever; fo that the marine 
acid air may not be precifely what I had before 
imagined, viz. the pure marine acid in the form of 
air ; but that, though it is by this means exhibited 
free from water, which, in a variety of refpetfts, 
modifies and reftrains its action upon various bodies, 
it is ftill combined with a portion of phlogifton. 
Since, however, all the bodies with which we are 
acquainted are, in fome degree, elaftic, being cap¬ 
able, at leaft, of being condenfed by cold, and 
dilated by heat, it may not be poffible to feparate 
this principle intirely from any fubftance in nature; 
and therefore, in a fenfe fufficiently near the truth, 
it may ftill be faid that the marine acid air is nothing 
but the marine acid ; the phlogifton it contains be¬ 
ing fo fmall, as not to be difcoverable by any of 
the ufual tefts of its prefence. 


Before 
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Before any air is produced from the mixture of 
inflammable matter and oil of vitriol, the whole 
quantity becomes very black; and a quantity of 
this fpirit, thus impregnated with phlogifton, will 
yield many times more air than an equal quantity 
of the ftrongeft fpirit of fait; but I never mea- 
fured it with any exadtnefs. 

When the vitriolic acid air is produced in great 
plenty, the top of the phial in which it is generated 
is generally filled with white vapours. This air 
has alfo the fame appearance as it is tranfmitted 
through the giais tube, and it is fometimes dil- 
coverable in the recipient. 


ST/C- 
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SECTION II. 

Of Vitriolic Acid Air from Metals , and other Suhjlances 
containing Phlogijlon . 

I Got no air from the oil of vitriol by any applica¬ 
tion of heat. But in attempting to procure it, I 
got it by means of mercury , in a manner that I little 
expeded, and I paid pretty dearly for the difcovery it 
occafioned. Defpairing to get any air from the longer 
application of my candles, I withdrew them; but 
before I could difengage the phial from the velfel 
of quickfilver, a little of it pafled through the tube 
into the hot acid j when, inftantly, it was all filled 
with denfe white fumes, a prodigious quantity of air 
was generated, the tube through which it was tranf, 
mitted was broken into many pieces (I fuppofe by 
the heat that was fuddenly produced) and part of the 
hot acid being fpilled upon my hand, burned it ter¬ 
ribly, fo that the efifed of it is vifible to this day. 
The infide of the phial was coated with a white 
faline fubftance, and the fmell that iffued from it 
was extremely fuffocating. 

This accident taught me what I am furprized I 
Ihould not have fufpeded before, viz. that fome 
1 metals 
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metals will part with their phlogifton to hot oil of 
vitriol, and thereby convert it into a permanent elaf- 
tic air, producing the very fame effect with oil, 
charcoal, or any other inflammable fubftance. 

Not difcouraged by the difagreeable accident 
above-mentioned, the next day I put a little quick- 
ftlver into the phial with the ground ftopper and 
tube, along with the oil of vitriol j when, long be¬ 
fore it was boiling hot, air ifliied plentifully from it; 
and being received in a veflfel of quickfilver, appear¬ 
ed to be genuine vitriolic acid air, exadtly like that 
which I had procured before ; being readily imbib¬ 
ed by water, and extinguifhing a candle in the fame 
manner as the other had done. A white fait was 
formed; but what I thought a little remarkable, was, 
that, whereas in all the former experiments the oil 
of vitriol turned black before it yielded any air; 
tliis was not the cafe here; for it continued colour- 
Icfs and tranfparent during the whole procefs. 

After this I repeated the experiment with fevcral 
other metals; but with a confiderable variety in the 
relults. 

Putting pieces of iron wire into the oil of vitriol, 
a very fmall quantity of air was produced without 
heat; but this loon ceafing, 1 applied the candle, 
when, w ith a degree of heat, feemingly greater than 
that at which the air had rifen from the quickfilver 
in the fame clrcumflances, air was produced in great 
5 plenty. 
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plenty. When I had got about three ounce mea- 
fures of it, I admitted water to it, and about four 
fifths of the whole was prefently abforbed. The 
remainder was inflammable, burning very red. 

Had the oil of vitriol been more concentrated, 
or had I continued the procefs longer, a greater pro¬ 
portion of the air would probably have been acid, 
and lefs of it inflammable. In this experiment the 
oil of vitriol became very opaque, being of a deep 
grey colour. The iron which had undergone this 
procefs, and which I had laid afide without any ex¬ 
pectation, was, in a few days, covered with a whitifn 
dull; and after it had been wiped clean, was cover¬ 
ed again with the fame matter. It is very much 
unlike the rutting of iron in other circumftances. 

About one third of the produce of air from zinc , 
was acid, and the remainder inflammable. Indeed it 
was evident that the acid had a confiderable effect 
upon the zinc before the application of the candle, 
fmall bubbles of air continually rifing from it. The 
oil of vitriol, which had been ufed in this procefs, 
after a long time, depofited a white matter, which I 
fuppofe to be the flowers of zinc. 

Copper , treated in the fame manner, yielded air 
very freely, with about the lame degree of heat that 
quickfilver had required, and the air continued to be 
generated with very little application of more heat. 
7 he whole produce was vitriolic acid air, and no 

part 
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part of it inflammable. The oil of vitriol remained 
a longtime turbid, but at length depofited a brown- 
ilh matter. 

The folution of filver in the fame manner, had 
the very fame refult, all the air being acid, and no 
part of it inflammable. The oil of vitriol acquired a 
kind of orange-colour, and depofited nothing. 

With a very great degree of heat lead yielded a 
litde air, which was wholly acid, and had nothing 
inflammable in it. 

Gold yielded no air at all in this treatment; but 
the oil of vitriol acquired the fame orange-colour 
that it had when the filver had been heated in it. 

Neither had this treatment of platina any fenfible 
effeft. What I made ufe of was fome which I had 
been favoured with from Dr. Irving, carefully purg¬ 
ed from iron. 

In mod of thefe procefles, air feems to ifilie from 
the fubftances immediately upon the application of 
heat, and fometimes without it: and this firft pro¬ 
duce of air forms bubbles, which continue fome 
time on the furface of the liquor. But it feems 
to be nothing more than the common air which had 
adhered to the furfaces of thofe fubftances, or had 
been confined in the little cavities near the furface, 
when they happened to be rough. For this feem- 
ing production of air foon ceafes, and no more is 
produced without a much greater degree of heat; 
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and when the genuine acid air begins to rife, bubbles 
formed by it break inftantly, like bubbles of air in 
fpirit of wine, and there is nothing like froth on the 
furface of the oil of vitriol. 

As fulphur is formed by the union of phlogifton 
with oil of vitriol highly concentrated and very hot, 
I imagined that by heating fubftances containing 
phlogifton in vitriolic acid air, I could not fail to 
to produce fulphur; but I tried charcoal in this 
manner without the effed that I had expeded from 
it The heat of a burning lens thrown upon it in 
this acid air, only made it throw out that quantity of 
the air, which, as I have obferved before, is condenfl 
ed upon its furface, or imbibed by it. The air that 
was unabforbed after this operation was in part 
fixed, and in part inflammable, having come from 
the charcoal. 

When I endeavoured to procure this air by the 
fame procefs from ether , about one half of the p ro , 
duce was permanent and inflammable. The oil 0 f 
vitriol became perfedly black by this means, as i a 
heating other phlogiftic matters in it. Afterwards, 
heating the fame oil of vitriol and ether, about one 
fourth of the produce only was inflammable; and 
had I continued to ufe the fame mixture, the pro- 
duce would probably have been lefs and lefs inflam¬ 
mable, and more purely acid, every experiment. 

Vo >- II. X I once 
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I once had a quantity of concentrated acid of 
vinegar, from which I expelled air by heat, and 
found it very much, if not in all refpedts to refem- 
ble vitriolic acid air, and being informed that oil of 
vitriol was ufedin the preparation of it, 1 imagine that 
it was vitriolic acid air only, efpecially as I have not 
found any other vegetable acid liquor that will 
yield air; at leaft in a quantity fufficient for any 
experiments. I tried radical vinegar ef the cry ftals of 
verdegris rectified , which was recommended to me, 
and made for me, by Mr. Woulfe, and alfo concen¬ 
trated acid made from fal diureticus , by Mr. Godfrey; 
but neither of thefe acid liquors, though the fmell of 
them was extremely pungent, yielded any air by 
heat. 

The common air expelled from the phial by the 
fleam of this vinegar, mixed with whatever acid va¬ 
pour might come over along with it, I examined, 
after letting it reft upon quickfilver a whole night, 
and I found it not to differ from common air. 

When, however, I tried this experiment with air 
that had lodged on the furface of oil of vitriol, into 
which I had-put fome fal diureticus , and which 
did yield a little air, the common air did appear 
to be injured by the mixture, as in the ex¬ 
periment of the mixture of common and vegetable 
acid air. But then oil of vitriol being employed in 

this 
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this experiment, as well as in the preparation of the 
concentrated vinegar above-mentioned, it is liable to 
the fame obje&ion; the acid of vitriol being, per¬ 
haps, volatilized by fome fmall portion of plilo- 
gifton. • 


S'ECTION IIL 

Of Water impregnated with Vitriolic Acid Air. 

117ATER being admitted to the vitriolic acid 
* V air abforbed it about as readily as the ma¬ 
rine acid airj and by its union with it mufl have 
formed the volatile or fulphureous acid of vitriol. 
Indeed the refult of this combination was fo obvi¬ 
ous, that I did not think it neceffary to make the 
experiment. 

I often confidered what can make the very great 
difference between the common vitriolic acid, and 
water fully impregnated with the vitriolic acid air. 
To judge a priori , from the analogy of other acids, 
one would imagine that there could be no great dlf- 
X 2 ference 
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ference between them. Water impregnated with 
marine acid air is, in all refpe&s, the very fame 
thing with the common fpirit of fait, except that 
this acid may be made confiderably ftronger in this 
manner than any fpirit of fait made in the common 
way, and that it has generally lefs colour. Alfo 
water impregnated with nitrous acid vapour is the 
fame thing with common fpirit of nitre, except that 
the acid thus communicated is more volatile, and the 
colour is changed. But water impregnated with 
'vitriolic acid air differs moft remarkably from oil of 
vitriol. Its acidity is now become trifling to what 
it was ; and from being the moft fixed, and the 
ftrongeft, it is now become the weakeft, and the 
moft volatile of all acids; the fmell of it being in¬ 
tolerably pungent, and almoft the whole of it eva¬ 
porating when it is expol'ed to the open air. 

This great difference feems, however, to be 
wholly occafioned by the phlogifton fuperadded to 
the vitriolic acid. This principle united to the acid 
in a manner neutralizes it, forming a kind of ful- 
phur, in which the acidity is, in a great meafure 
loft. To the phlogifton, alfo, which it has now 
acquired is owing its extreme volatility, to both 
which properties phlogifton is known in other cafes 
to contribute. The different manner in which the 
vitriolic and nitrous adds combine with phlogifton, 

and 
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and the various refults from thefe combinations, 
may furnifh much matter for fpeculation and expe¬ 
rimental inquiry, for which we now feem to be ex¬ 
cellently well prepared. 

For a long time I concluded that water impreg¬ 
nated with vitriolic acid air was intirely incapable 
of diflblving any metal, fo as to yield inflammable 
air; but at length I fucceeded in this experiment; 
which convinced me that the acid is not eflentially 
altered in this procefs. For having completely fa- 
turated a quantity of water with vitriolic acid air, I 
let it continue upon the quickfilver in which the 
procefs had been made, with a confiderable quantity 
of fuperabundant acid air upon it, for about ten 
days; both to produce a complete faturation, and 
likewife to make, if poflible, a more perfeA com¬ 
bination of the acid with the water. Then, de¬ 
canting it as gently as poflible, and leaving it in a 
phial with a fmall perforation in the cork, that the 
more volatile part might efcape gradually, I poured 
a quantity of the remainder upon fome filings of 
zinc; upon which, with the application of heat, a 
confiderable quantity of air was produced, and this 
was all ftrongly inflammable. 

The quantity of arid in waiter impregnated with 
vitriolic acid air, may, in fome meafure, be com¬ 
pared with the quantity of acid in the oil of vitriol 
X J from 
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from which it is expelled, by the method which I 
made ufe of in the following experiment. I put to 
a quantity of oil of vitriol rather more copper than 
it could difiblve; and obferved that air was expelled 
till nothing fluid remained in the phial, and by this 
time the volatile acid which it had yielded had com¬ 
pletely faturated eight or ten times its bulk of water. 
The refiduum was blue vitriol, containing the 
crude oil of vitriol united to the copper. 

Now if the quantity of this oil of vitriol be efti- 
mated, and this experiment be repeated with a little 
inore care, the exadt proportion of acid in the oil 
of vitriol, and in water fully impregnated with vi¬ 
triolic acid air, may be determined. When the 
fait above mentioned was vvalhed in water, a blackifli 
matter was feparated from it but all the reft was 
pure vitriol, of a light green colour, but which 
became white, or grey, when it was dried by the 
fire. 

The greater degree of acidity in water impreg¬ 
nated with marine acid air, and its greater power 
of diflolving metals, fo as to produce inflammable 
air, will not be wondered at, when it is confidered 
how much more marine acid air, than of vitriolic 
acid air, the fame quantity of water will imbibe. In 
order to afcertain this, I took two fmall glafs tubes, 
clofed at one end, and put into each of them, as 

nearly 
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nearly as poflible, two grains of rain water, out of 
which the air had been pumped; nearly, filling 
them, but fo that there might be room enough for 
the water to expand with the vapour they might 
imbibe, and then introduced them into jars filled 
with each of the kinds of air, {landing in quickfilver, 

I then obferved that the water in the marine acid 
air imbibed it very faft, and diminifhed the bulk of 
it, in all, one ounce meafure and three quarters, 
whereas the water in the vitriolic acid air imbibed it 
very flowly, and, in all, not more than occupied 
the fpace of three pennyweights and fixteen grains of 
water; fo that water imbibes about ten times as 
much marine acid air, as of vitriolic acid air. 

The water faturated with marine acid air at this 
time was, as far as I could perceive, quite colour- 
lefs, and it wa.s fo ftrongly impregnated, that the 
warmth of my hand only made it abfolutely boil by 
the emifiion of its air, and it fmoked copioufly.- 

Confidering the much greater quantity of marine 
acid air, than of vitriolic acid air, that a quantity 
of water will take up, I was rather furprized to find 
that when water was faturated with the latter, it 
could not be made to imbibe a greater quantity of 
the former than I perceived it to do; though I was 
not furprized to find that when water was fully im¬ 
pregnated with the former, it Ihould take but a little 
more of the latter, in the following experiments. 

X 4 Putting 
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Putting vitriolic acid air to water fully Saturated 
with marine acid air, it imbibed but litde, and that 
very (lowly j in all, about four times its bulk. It 
was obfervable, however, that the vitriolic acid air 
intirely difcharged the draw colour of the marine 
acid, and gave it a blueifh tinge. 

Having faturated a quantity of water with vitriolic 
acid air, it would not afterwards take marine acid 
air, except in a fmall quantity, and very (lowly, 
N. B. The bubbles of marine acid air, which burft 
in the fuperabundant vitriolic acid air, which lodged 
on the furface of the water, emitted a white fume. 

It is remarkable that water impiegnated with vi¬ 
triolic acid air retains all its air when it is frozen, 
though every other kind of air (if the liquor containing 
it can be frozen at all) is feparated from it in the ad 
of freezing. I have now farther obferved, that this 
ice finks in the liquor from which it is frozen, in 
which it refembles the ice of oil. This is a fad 
which I barely mention, without having any theory 
to account for it. 
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SECTION IV. 

Various Properties of vitriolic Acid Air. 

i. Vitriolic Acid Air and marine Acid Air compared. 

V ITRIOLIC acid air is equally tranfparent 
with marine acid air, and feems to have no 
more affinity with quickfilver; for when confined 
by quickfilver, the dimenfions of it are not liable 
to any variation, excepting by heat and cold, juft 
like common air j provided there be no moifture 
in the recipient, or in the qtiickfilver. As the re- 
femblance between thefe two acid airs was fo great, 
it was natural for me to have a view to the ex¬ 
periments I had made with the marine acid air, 
in conducing thofe that relate to the vitriolic acid, 
which the reader will eafily perceive. 

lake the marine acid air, this vitriolic acid air 
extinguifhes a candle, but without any peculiar ap¬ 
pearance in the colour of the flame, as it goes out, 
or as it is lighted again, which is obfervable when 
the experiment is made with the marine acid air. 
Vitriolic acid air is alfo heavier than common ^ir; 
for a candle being let down into a veffel filled with 

it. 
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it, was extinguifhed many times fucceffively, and 
even after it had flood a full hour with its mouth 
expofed to the common air. 

This acid air bears to be expofed to cold, with, 
out any greater diminution of its bulk than com¬ 
mon air is fubjefl to in the fame circumftances; 
which appears to me to be a fufficiently proper 
criterion to diflinguifh air from vapour. In a cer¬ 
tain degree of heat, indeed, even water may be 
exhibited in the form of air j but it is a degree of 
heat that far exceeds what is ufual in our atmof- 
phere; and in other cafes terms are applied to very 
great ufe, for the diftin<£lion of bodies, which, if 
examined with flriftnefs, would be found ultimately 
to run into one another, the difference between 
them being in degree rather than in kind: but a very 
great difference in degree affords a fufficient foun¬ 
dation for a difference in appellation. 

2. The Mixture of vitriolic Acid Air and Alkaline 
Air. 

The phenomena which attend the mixing of 
alkaline air with the marine acid air, were fo fink¬ 
ing, that I had not been many hours in poffeffion 
of the vitriblic acid air without trying whether the 
effedl of the fame mixture with this acid air would 
not make a fimilar appearance, and the experiment 
5 fully 
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fully anfwered my expeditions. A like beautiful 
white cloud was formed the moment that thefe 
two kinds of air came into contact, the quantity 
of air was diminilhed as fail as the alkaline air was 
admitted, and the quickfilver rofe almoft to the top 
of the receiver. 

I obferved alfo, that when I put the alkaline air 
to the vitriolic acid air, the white cloud rofe im¬ 
mediately to the top of the veffel, as in the experi¬ 
ment with the marine acid air; which proves that 
the alkaline air is, in both cafes, the lighter of the 
two. In both cafes alfo, if the alkaline air be pro¬ 
duced firft, the acid air being admitted to it, forms 
a cloud which refts upon the quickfilver; never 
extending beyond a very fmall fpace, and riling 
only as the quickfilver rifes. The fubftance that 
is formed by the union of the alkaline air with the 
vitriolic acid air, muft necefiarily be the vitriolic 
Jal ammoniac ; but I made no experiment to afcer- 
tainit. The quantity of this fait widi which my 
receivers are coated in thefe experiments is “readily 
dilfolved in water, as in the experiments with the 
marine acid air. This, however, it will be feen, 
is not the cafe with the fait that is formed by an¬ 
other of the acid airs with alkaline air. 

There was frequently, however, the appearance 
of fulphur produced upon the mixture ot alkaline 
air with vitriolic acid air; for the infide of the tube 

would 
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would be covered with a perfedlly yellow matter. 
But this colour goes off in time, and nothing but 
a white faline lubftance remains. This yellow ap¬ 
pearance I firft obferved when I had produced the 
vitriolic acid air from ether j but afterwards I found 
the lame effect when it was produced from char¬ 
coal, and dill more remarkably when it had been 
produced from copper. Why this yellow colour 
Ihould not be permanent, I do not underftand. 

Being willing to try whether, by making repeat¬ 
ed mixtures of thele two kinds of air, I could not 
fix diis colour, and collect a quantity of the liib- 
Itance in which it inheres, I filled the fame jar al¬ 
ternately with each of thefe kinds of air, till all the 
infide of the veffel feemed to have got a good 
coating of this fubftance. But, being expofed to 
the open air, the colour in this cafe alfo foon dis¬ 
appeared, and the faline lubftance with which all 
the infide of the tube was uniformly coated, be¬ 
came perfectly white. 

3 ' Vitriolic Acid Air mixed with other Kinds of Air. 

The mixture of other kinds of air with vitriolic 
acid air produced no remarkable appearance what¬ 
ever. When, however, I had put a quantity of 
this acid air to a quantity of common air, in order 
to obferve whether the former might not part with 

fome 
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fome of its phlogiftonto the latter, though I per¬ 
ceived no immediate diminution of the bulk of air 
as in the mixture of nitrous and common air; 
yet when they had continued together two days, 
and water being admitted to the mixture had ab- 
l'orbed the acid air, the common air which remain¬ 
ed appeared, by the tell of nitrous air, to be con- 
fiderably injured; fo that the phlogifton in the 
vitriolic acid air muft have united to fome part 
of the pure air contained in the common air, which 
is an effedt that is not produced by the marine acid 
air when mixed with common air. In reality, the 
vitriolic acid air muft have attrafted dephlogifticated 
air, from the atmofphere, and have thereby formed 
the common vitriolic acid. What effedt the vitri¬ 
olic acid air would have had upon other kinds 
of air, had they continued together a longer time, 
I cannot tell. 

A quantity of this acid air mixed with inflam¬ 
mable air ftood fome hours; but when water had 
been admitted to them, I could not perceive either 
that the quantity of inflammable air was altered, 
or that its inflammability was in the leaft impaired. 

I once put equal quantities of marine and vitri¬ 
olic acid air into the fame receiver, and obferved 
that they mixed without exhibiting any appearance 
whatever; and when alkaline air was admitted to 
them, the appearance was the fame as if it had 
been admitted to either of them fingly, the white 
4 cloud 
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cloud rifing inftantly to the top of the vefiel. Had 
I, after the experiment, examined the Jalts which 
adhered to different parts of the infide of the veffel, 
I might perhaps have difcovered which of the two 
acid airs was fpecifically lighter than the other; 
but I fufped that they were intimately mixed, and 
therefore that the fait was a mixture of the com¬ 
mon and the vitriolic fal ammoniac. 


4. Subjlances containing Phlogijlon expojed to 'vitriolic 
Acid Air. 

I thought it rather extraordinary, that whereas 
the marine acid, which is reckoned the weakeft of 
all the three mineral acids, fhould, when exhibited 
in the form of air, be able to diflodge both the 
vitriolic and the nitrous acids from feveral of their 
bafes; yet that this vitriolic acid, which is reckoned 
the ftrongeft of the three, when feemingly exhibited 
to equal advantage, by being diverted of the water 
with which it is ufually combined, fhould not, in 
any inftance in which I made the experiment, dif¬ 
lodge either of the other acids from any bafis with 
which they were united. Nitre, common Jalt } and 
fal ammoniac , were all introduced to this air, with¬ 
out either affeding it, or being affeded by it. 

Oils imbibe vitriolic acid air, and pretty rapidly, 
in proportion to their tenuity; though they can¬ 
not be made to imbibe fo much of it as water 


can 


Se 5 i. 1 V. VITRIOLIC ACID AIR. 2 19 

can. Being willing to fee the utmoft effca of the 
impregnation of feveral kinds of oil with this acid 
air I took about equal quantities of oil of turpen¬ 
tine, olive oil, and whale oil, and gave each of them 
an opportunity of being fully faturated; having 
kept them conftantly fupplied with frefh air, when 
they had imbibed a former quantity, and frequently 
difcharging that part of the air which they could 
not imbibe, and beginning the procefs a new. 

Both the whale oil and the olive-oil imbibed 
this air very flowly, being feveral hours in taking 
their bulk of it; but whereas the firft effe6t of the 
impregnation of the whale-oil was imparting to it a 
reddilh colour, the olive-oil became quite colour- 
lefs. In all, they both imbibed fix or eight times 
their bulk of this air. 

In this manner they continued in glafsjars con¬ 
fined by quickfilver about a month, when I obferved 
that the oil of turpentine was become of a beautiful 
amber colour, the olive-oil was darker, and the 
whale-oil darker ftill; and they all fmelled extreme¬ 
ly pungent, by the efcape of the acid air from them. 
Their tenacity was not feemingly increafed. 

Vitriolic ether imbibes vitriolic acid air as readily 
as water imbibes it. T he ether, however, was foon 
faturated with it, and afterwards was, to all appear¬ 
ance, both as tranfparent, and as inflammable as be¬ 
fore. 

A piece 
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A piece of pbofphorus remained a day and two 
nights in vitriolic acid air, without fenfibly affe6ting 
it. It gave no light in this air; but the upper f ur _ 
face of it turned black, and the furface of the quick- 
filver on which it lay, had a -deep yellow or blackifh 
kind of fcum upon it, as if it had been in partdif- 
folved by the acid. 

A piece of liver offulphur , in three days, abforbed 
the whole of a quantity of this kind of air, without 
fenfibly affecting the colour or appearance of the 
liver of fulphur. 

Charcoal, which forms inflammable air, by being 
introduced to marine acid air, only abforbs the vi¬ 
triolic acid air ; which, however, it does pretty ra¬ 
pidly, and acquires a pungent fmell from being ex- 
pofed to it, without producing any other effedl that 
I could perceive: I made feveral pieces of char¬ 
coal imbibe as much of this acid air as they could; 
but, after this, frelb pieces abforbed the remainder, 
fo that the air had only been, as it were, condenfed 
on its furface. This I have obferved to be the cafe 
with alkaline air, and in feme experiments with other 
kinds of air which cannot be confined but by quick- 
filver; and I do not clearly underftand it. The 
charcoal, in this experiment, was made very dry, 
or it m.ght have been fufpefted that the moifture ad¬ 
hering to it had abforbed the air. 


Vitriolic 
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Vitriolic acid air difiolved camphor pretty readily, 
and reduced it to a tranfparent liquor. Water 
being admitted to it, the camphor re-affumed its na- 
turaijolidr form, but feemed to have acquired an aci¬ 
dity in its tafte 


Iron, is readily difiolved in marine acid air, but it is 
not at all affected by the vitriolic acid air; though, 
when combined with water, it is fo powerful a men- 
ftruum for iron. But this, indeed, is the lefs extra¬ 
ordinary, as this acid ceafes to affedt iron when it is 
ftrongly concentrated. I kept a number of iron 
nails in vitriolic acid air two days, without any fen- 
fible effedt either upon the air, or the nails. There 


was no appearance of their being in the lead cor¬ 
roded. 


I have noticed a very remarkable effedt of alka¬ 
line air upon alum, rendering it white and opake, as 
if it had been calcined, but without altering its figure. 
The fame, to appearance, is the effedt of vitriolic 
acid air upon borax. This fubftance abforbed a 
pretty large quantity of this air in two days. 
What remained of the air extinguifhed a candle. 
But this effedt was probably owing to a fmall pro¬ 
portion of fixed air that was produced at the 
fame time with the vitriolic acid air. I repeated 
this experiment with borax, and let the procefs con¬ 
tinue three days, when the effedt was precifely the 
fame as before, the borax retaining its form, but be- 
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ing rendered white and opake. The acid air had, 
no doubt, feized upon the water which enters into its 
compolition, as I conjecture to be the cafe with re- 
fpeCt to alkaline air and alum. 

As it is well known that the common vitriolic 
acid is changed into volatile or fulphureous acid of 
vitriol by fumes of charcoal, if the veffel in which it 
is heated has a crack in it, through which the fumes 
can have accefs to the acid, I had the curiofity to try 
whether the fame effeCt would not be produced by 
heating the charcoal in the acid. Accordingly I put 
fome bits of charcoal into my phial, inftead of the 
oil, or other inflammable matter, which I had ufed 
before; and, applying the flame of a candle, 1 pre- 
fently found that die vitriolic acid air was produced 
as well as in the former procefs, and in feveral re- 
fpects more conveniendy, the production of air be¬ 
ing more equable; whereby the difagreeable effeCt 
of a fudden explofion is avoided. 

It is necefiary, however, that the charcoal be very 
well burned, fo that all air be expelled from it j 
otherwife, there will be a mixture of fixed or in¬ 
flammable air along with the acid air, efpecially 
when a confiderable degree of heat is applied to 
produce the air. Having often got vitriolic acid 
air from charcoal on account of the eafy and equa¬ 
ble production of it in this manner, I feveral times 
obferved that there was a confiderable refiduum after 

it 
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it had been expofed to water : and once I found 
that the refiduurti made lime-water turbid; a fure 
fian of its containing fixed air. 


SECTION V. 

Of taking the EleElric Spark in Vitriolic Acid Air. 

of the moft remarkable obfervations that 
I have made on vitriolic acid air was, 
that when the eletfrric fpark is taken in it, the infide 
of the glafs tube in which it is confined is covered 
with a blackifh fubflance; fo that the infide of the 
glafs through which the explofion pafied was uni¬ 
formly covered with a blackifh matter, and no¬ 
thing could be feen through it, and the air feemed 
to be rather increafed than diminifhed. Water be¬ 
ing admitted to it, left fo little of it unabforbed, that 
it could not be examined. Part of the blackifh 
matter was wafhed off by the water. 

I have fince given more attention to this curious 
circumftance, and have been happy enough to afcer- 

^ 2 tain 
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tain f( veral things of confiderable importance re¬ 
lating to it, though they are not fufficient for a com¬ 
plete theory of it. 

My firft wiffi was to collect a quantity of this 
matter, enough for a chemical examination of it; 
and for this purpofe I applied to my friend Mr. 
Vaughan, who favoured me with his affiftance, 
and the ufe of his large machine, made by Mr. 
Nairne, on the fame plan with what which was 
made for the Grand Duke of Tufcany, defcribed 
in the Philofophical Tranfa&ions. But though 
we gave a good deal of time to this bufinef>> 
we did not get a quantity fufficient for my pur- 
pole. 

1 faw reafon, however, to conclude, that the 
whole of the vitriolic acid air is convertible into this 
black matter, but not by means of any union which 
it forms with the electric fluid; but as it fhould 
feem, in confequence of the concuffion given to it by 
the explofion ; and that, if it be the calx of the me¬ 
tal which fupplied the plilogifton, it is not to be 
diftinguifhed from what metal, or indeed from what 
fubftance, of any other kind, the air had been ex¬ 
tracted. Thele particulars will be fufficiently 
evinced in the following experiments. 

I made 120 explofions of a common jar in about 
a quarter of an ounce meafure of vitriolic acid air 

from 
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from copper ; by which I found that the bulk of it 
was diminilhed about one third, and the remainder 
was feemingly not changed, being all abforbed by 
water. In the courfe of this procefs the air was 
carefully transferred three times from one veflel to 
another ; and the laft veflel In which the explofions 
were made in it was, to all appearance, as black as 
the firft ; fo that this air feems to be all convertible 
into this black matter, whatever it be. 

Thinking this diminution of the vitriolic acid air 
might poflibly arife from its abforption by the ce¬ 
ment, with which the glafs tubes employed in the 
laft experiment were clofed, I repeated it, with the 
variation only of getting the air from quickfilver, in 
a glafs fyphon , confined by quickfilver; and obferv- 
,ed that it was diminiflied, by the fame number of 
explofions, in about the fame proportion as before. 

That this matter comes from the vitriolic acid air 
and not from any combination of the ele&ric 
matter with it, will, I think, appear from the fol¬ 
lowing experiment. 1 took the fimple ele&ric 
fpark from a prime condu&or of a moderate fize, 
for the fpace of five minutes, without interruption, 
in a quantity of vitriolic acid air, without producing 
any change in the infide of the glafs ; when, imme¬ 
diately after, making in it only two explofions of a 
Common jar, each of which might be produced in 
lefs than a quarter of a minute, with the fame ma- 
Y 3 chine. 
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chine, in the fame ftate, the whole of the infide of 
the tube was completely covered with a black mat¬ 
ter. Now, had the eledtric matter formed any uni¬ 
on with the air, and this black matter had been the 
refult of that combination, all the difference that 
could have arifen from the fimple Jpark , or the ex- 
flofion , could only have been a more gradual, or a 
more Judden formation of that matter. 

Had I ufed tubes fmall enough, or a prime con- 
dudbor large enough, I fhould, no doubt, have pro¬ 
duced this blacknefs with the fparks only. On the 
ether hand, when I had filled a large phial, about 
an inch and a half wide, with this air, I found that 
even the explofion of a very large jar, containing 
more than two feet of coated furface, had no effedb 
upon it j from which it fhould feem that, in thefe 
cafes, the force of the fhock was not able to give 
the whole quantity of air fuch a concuflion as was 
neceflary to decompofe any part of it. 

At one time I had little doubt, but that the mat¬ 
ter formed by thefe explofions in vitriolic acid air 
would be different, according to the calx of the 
metal, or other fubftance which had fupplied the 
phlogifton of it; imagining that, together with 
phlogifton, fome of the earthy part of the fubftance 
had Sfo entered into the compofition of the air, and 
re-appeared in this decompofition of it, in the form 
of a powder, But, upon the whole, I did not find 
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that this conjecture was verified by the fads, which 
I fhall here recite. 

I had generally made ufe of copper ; but when I 
got a quantity of this air from quukfilver, in the ex¬ 
periment mentioned above, and alfo when after¬ 
wards, I, for this very purpofe, procured this air 
from almoft all the kinds of fubftance from which it 
can be procured, the electric explofion taken in it 
produced the fame effect, in clouding the tube with 
the black matter, as it had done in the air procured 
from copper. As fome of thefe experiments were 
attended with peculiar circumftances, I fhall briefly 
mention them. 

I was moft embarrafled when I endeavoured to 
get vitriolic acid air from lead, putting a quantity 
of leaden fhot into a phial containing oil of vitriol, 
and applying only the ufual degree of heat, a con- 
fiderable quantity of air was produced ; but after¬ 
wards, though the heat was increafed till the acid 
boiled, no more air could be got. I imagine, 
therefore, that, in this cafe, the phlogifton had, in 
fa£t, been fupplied by fomething that had adhered 
to the fhot. However, in the air that was fo pro¬ 
duced, I took the ele&ric explofion, and in the firft 
quantity that I tried, a whitifh matter was produced, 
almoft covering the infide of the tube. But in the 
fucceeding experiments with air procured from the 
fame fhot, or from fomething adhering to it, there 
Y 4 was 
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was lefs of the whitifh matter; and at laft nothing 
but black matter was produced, as in all the other 
experiments. Water being admitted to this air, 
there remained a confiderable refiduum, which was 
veiy flighdy inflammable. 

Vitriolic acid air is eafily procured from Jpirit of 
wine, the mixture becoming black before any air is 
yielded. The eledtric explofion taken in this air 
alfo produced the black matter. 

If any of my experiments be capable of throwing 
light upon the fubjedt of this black matter, it fhould 
feem to be thofe which I made with ether, by the 
help of which this air is as eafily procured as by 
any other fubftance containing phlogifton. In the 
air procured by ether the eledtric explofion tinged the 
glafs very black} I think more fo than I had obferv- 
ed in any other experiment of the kind; and when 
water had abforbed what it could of this air, there 
was a refiduum in which a candle burned with a lam¬ 
bent blue flame. But what was moll remarkable in 
this experiment was, that befides the oil of vitriol 
becoming very black during the procefs, a black 
fubftance, and of a thick confiftence, was formed, 
which (warn on the furface of the acid. I colledted 
a quantity of it, but I have not examined it with 
fufficient attention. It may eafily be procured by 
boiling ether in the vitriolic acid. 


5 


The 
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The eleftric fpark, or explofion, taken in common 
air, confined by quickfilver, in a glafs tube, covers 
the infide of the tube with a black matter, which, 
when heated, appears to be pure quickfilver. This, 
therefore, may be the cafe with the black matter 
into which I fuppofed the vitriolic acid air to be 
converted by the fame procefs, though the effect 
was much more remarkable in that than in common 
air. The explofion will often produce the diminution 
of the common air, in half the time that the fimple 
Jparks will do it, the machine giving the fame quan¬ 
tity of fire in the fame time. Alfo the blacknefs of 
the tube is much fooner produced by the fhocks 
than by the fparks. When the tube confiderably 
exceeds three tenths of an inch in diameter, it will 
fometimes become very black without there being 
any fenfible diminution of the quantity of air. 

I have fince found that this black matter is mer¬ 
cury fuperphlogifticated\ the vapour of this metal, 
mixing with the air in all temperatures. This will 
be evident from the experiments under the article 
mercury. 
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SECTION VI. 

Of the Convertibility of vitriolic Acid Air into vitriolic 
Acid. 

r I ^ bl E volatile vitriolic acid, though produced 
A from the fixed vitriolic acid, is veiy confider- 
ably different from it, efpecially as it may be dif- 
lodged from its bafis by the vitriolic acid, juft as 
other weaker acids are diflodged by thofe that are 
thence called the ftronger. But that volatile vi- 
triolic acid is capable, however, of being brought 
back to the ftate of the common vitriolic acid, and 
becoming the fame thing that it originally was, fe- 
veral experiments fhew. I had found that it was 
capable of diffolving iron and zinc, and of pro¬ 
ducing inflammable air, which is the property of 
oil of vitriol; but I had a more decifive proof of 
the fame thing when, to water faturated with vi¬ 
triolic acid air, I had, for another purpofe, put 
fome earth of alum till it was faturated. For 
after fix months, in which this folution had been ex- 
pofed in an open phial, and one third of it was eva¬ 
porated, I obferved many tranfparent cryftals form. 

ed 
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cd at the bottom of the phial, as well as an incrufta- 
tion on the fides of the phial above the furface of 
the liquor. Thefe cryftals were all triangular, of 
a confiderable thicknefs, connedted with each other, 
and when examined appeared to be alum, which, 
is known to be the faline fubftance formed by 
the fame earth, and the proper vitriolic acid. But 
the following experiments, in which it will appear 
that real fulphur is formed by means of the volatile 
vitriolic acid, exhibit a much more remarkable fadt* 
and is another proof of the mutual convertibility of 
thefe acids into one another. 

Having expofed various liquid fubftances to a con¬ 
tinued heat in a fand furnace, among others I placed 
in it a glafs tube, about an inch in diameter at the 
bottom, tapering to a point at the top, about two 
feet and a half long, clofed hermetically ; when I 
had put into it about an ounce meafure of diftilled 
water ftrongly impregnated with vitriolic acid air, 
with nothing more than a random expedition of 
fome change or other taking place in it. This was 
©n the 9th of September 1777, but the refult was 
much more curious than I could pofiibly have ima¬ 
gined a priori. I fhall note the appearances as I 
obferved them, at the feveral intervals in which I 
examined this tube. 

~~ On the 30th of the fame month this impreg¬ 
nated water, which continued tranfparent to the 

end 
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end of the procefs, had depofited a fmall quantity 
of black powder; and alfo a bit of matter exactly 
like Julphur about one eighth of an inch in diame¬ 
ter lay among it. Small pieces of the fame mat¬ 
ter floated on the furface of the liquor, and ftreaks 
of the fame coated part of the infide of the tube 
an inch above the liquor. From the top of the 
tube to within about eight inches above the liquor, 
were beautiful white cryftallizations, like fpicula , 
difpofed irregularly, but generally in the form of 
ftars, the glafs being perfectly tranfparent between 
them. 

In this ftate the tube continued, the cryftalliza¬ 
tions increafing, and feveral times changing their 
places, to the 20th of January following, when an 
end was put to the procefs. Excepting, however, 
a place of a few fquare inches near the furface of 
the liquor, all the lower half of the tube was quite 
free from them, but from thence to the top it was 
pretty thick and equally covered, exhibiting a moft 
pleaflng appearance. 

In order to obferve the time , and the manner of 
the formation of thefe cryftals, in a greater variety 
of circumftances, I placed in the fand furnace at 
different times, a ftrong glafs tube about nine inches 
long, and a quarter of an inch in diameter, which 
I funk pretty deep in the fand, in order to give 
it a greater degree of heat; and alfo two tubes 

about 
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about four feet long, one of them half an inch, and 
the other a quarter of an inch in diameter, putting 
into the fhort tube a quantity of the impregnated 
water about an inch in length, and into the long 
tubes two inches and a half. 

The fhort tube had been put into the find on 
the nth of Auguft, and on the 30th of Septem¬ 
ber following the liquor was tranfparent, but the 
top and part of the middle of the tube had many 
white ftars like cryflallizations. 

Of the long tubes the fmaller had begun to have 
cryftallizations, about one third from the bottom 
in about a fortnight, and the wider in about a 
month. When they were examined on the 19th 
of January, 1778, the large tube had more cryftal¬ 
lizations than the fmaller, the greateft quantity of 
them about five inches above the furface of the 
liquor, but they were all on one fide of the tube, 
and there were others about fix inches above thefe. 
There were alfo very many between the furface 
of the liquor and two inches above it. The fmaller 
tube had no cryftals near the furface of the liquor, 
but a good many about five inches above it, and 
the greateft quantity was about eighteen inches 
above it. Neither of thefe tubes had any cryftals 
in two thirds of the upper part of them. 

Applying the flame of a candle with a blow¬ 
pipe to the fmaller of the long tubes above-men¬ 
tioned. 
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tioned, die glafs was prefled violently inwards } fo 
that it was evident there was a decreafe of elaftic 
matter within the tube, which therefore probably 
entered into the cryftals. If any part of the liquid 
touched the hot glafs, a denfe white fume was ex¬ 
cited, exatftly like that from the oil of vitriol. 
Taking off one half of the tube, and then opening 
it under water, it was half filled with water, and 
the air within in it was completely phlogifticated, 
which agrees with my former obfervations, of the 
vitriolic acid air imparting phlogifton to common 
air, or rather of its imbibing dephlogifticated air, 
and thereby forming vitriolic acid. 

When I heated the dry cryftals, the fame white 
cloud was raifed, and the cryftals were by this 
means difperfed into a kind of duft, that incrufts 
the glafs. For I applied the heat on the outfide 
of the tube. 

The liquor itfelf was ftill extremely acid, and, 
the fmell of it very pungent j fo that, probably, 
only a fmall part of the vitriolic acid air with which 
it was impregnated had entered into thefe cryftals, 
numerous as they were. 

The cryftals were eafily fhaken off from the 
fide of the tube, when it was walked with the li¬ 
quor, and they continued undifiolved in it. 

The preceding obfervations were made prefently 
after the tubes in which the cryftals were formed 


were 
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were taken from the fand furnace; and in this 
ftate they continued near a year, in the courfe of 
which I had (hewed them to feveral of my che¬ 
mical friends, who exprefled much furprize at the 
fight of them. At length I opened the tube that 
contained the greateft quantity of thefe cryftals, 
firft obferving that, when I foftened the glafs, it 
was (till prefled inwards. 

The cryftals, I found, were not diftolved in fpirit 
of fait, and when they had been wafhed, and dried, 
they had the colour, and fmell of Julphur ; and 
being laid on a hot iron burned with a blue flame, 
fo as to leave no doubt of the identity of the fub- 
ftances. 

To form this fulphur, I conjecture, that th6 
volatile acid, in this expanded and confined ftate, 
uniting with the dephlogifticated air in the tube, had 
firft formed vitriolic acid ; and that this, uniting with 
phlogifton, formed the fulphur. The fa< 5 t is cer¬ 
tainly a remarkable one. 

Having obferved thefe curious effeCts of the 
impregnation of water with vitriolic acid air, I 
expofed to the fame heat, in fimilar circumftances, 
fpirit of wine, and oil of turpentine, faturated with 
the fame kind of air. 

The impregnated fpirit of wine, after being ex¬ 
pofed to this heat about a fortnight was tranfparent, 
but had many (lender cryftals in it, and the greater 
part of the tube had a thick and whitilh incrufta- 
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tion, beginning about three inches above the fur- 
face of the liquor, and extending about twelve 
inches, but was thickeft in the middle. 

A fhoit tube, containing a quantity of the fame 
impregnated fpiric of wine, had no incruftation, 
but many more cryftals, in the form of Jpkula 
which fettled to the bottom of the liquor. Another 
tube of the fame length had fimilar Jpicula , and 
near the top a confiderable incruftation not ipicu- 
line. 

The oil of turpentine impregnated with vitriolic 
acid air, and expofed to the heat in this manner, 
from being of a light amber colour, became of & 
deep brown. The tube in which it was contained 
was only eighteen inches long, and the upper half 
of it was covered on one fide with white incrufta- 
tions not Ipiculine. 

Whale oil impregnated with this air, from be¬ 
ing brown, had probably become almoft black. 
For the tube was broke, but had a very black in¬ 
cruftation towards the bottom, efpecially near the 
furface of the liquor. 

I alfo expofed to the fame heat tubes containing 
vitriolic acid air only, having firft filled them with 
quickfilver, then with this kind of air, and after¬ 
wards fealing them hermetically with a blow-pipe j 
and the refult was fimilar to thole in which the 
impregnations were concerned. 
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One tube of this kind that had been buried in 
the hot fand on the i ith of Auguft, being examin¬ 
ed on the 30th of September, was found in the 
following ftate. The upper part of the tube was 
half covered with white cryftals, but much imaller 
than thofe in the tubes containing the water impreg¬ 
nated with this air. 

Another tube containing the fame kind of air, 
which had been buried in the fand a longer time, 
was found quite covered with white cryftals, and 
a fmall part of the tube was black, probably from 
fome external accidental caufe. The end of this 
tube being broke under quickfilver, it filled one 
third of it, and water abforbed all that remained 
of the air, except a very fmall bubble. This water 
had the fmell of water impregnated with vitriolic 
acid air. 

I have feveral times repeated this experiment, 
and have never failed to find the infide of the tubes 
that had been filled with vitriolic acid air coated 
with this white matter; but it is fo exceedingly 
flight, that I cannot make many obfervations upon 
it. I am rather furprized to find that it does not 
feem to be Julfbur^ which is formed from the heat¬ 
ing of water impregnated with the fame kind of 
a * r * For fpirit of fait feems to diffolve it all. At 
leaft the tube is wafhed perfectly clean with it, 
VoL - II. z and 
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and I could not difcern any thing in that acid af¬ 
terwards. But this may be owing to the very 
fmall quantity of it, though it be fpread on fo great 
a furface, and to the extreme minutenefs of the 
particles of which it confifts. 
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PART 1 III. 

OF FLUOR ACID AIR. 


SECTION I. 

*Ihe Difcovery of the Fluor Acid Air, and the Impreg- 
nation of Water with it, 

T HE philofophical part of the world have, of 
late, been highly gratified by the difcovery 
of a new mineral acid> contained in a fubftance 
which chemifts diftinguilh by the name of fluor ; 
but many of my readers will underftand me 
better, when I inform them, that it is of that fpe- 
cies of fubftance, which, with us, is called the Der~ 
hyjhire fpar ; and of which, at prefent, vafes and 
other ornaments for chimnies, are ufually made. 
The acid is expelled from this fubftance by oil of 
vitriol, and has peculiar properties, as remarkable 
as any of the three other mineral acids which we 
were acquainted with before* 
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This curious difcovery was made by Mr. 
Scheele, a Swede; from which circumftance the 
acid is often diftinguifhed by the name of the 
Swedtjh acid. His method of operating upon this 
fubftance, and likewife that of all who have fuc- 
ceeded him in the inquiry, was to diftil it in glafs 
vefiels, as in the procefs of making fpirit of nitre 
from falt-petre; and the moft remarkable fa6ts 
that have been obferved concerning it are, that 
the veffels in which the diftillation is made are apt 
to be corroded j fo that holes will be made quite 
through them; and that when there is water in 
the recipient, the furface of it will be covered with 
a cruft, of a friable ftony matter. 

This cruft, wjiich I ftiall diftinguifh by the name 
of the fluor cruft, Mr. Scheele fuppofed to be 
quartz; and therefore concluded that this acid and 
water were the conftituent parts of that foffil. On 
the other hand, Mr. Boulanger, who has taken a 
great deal of pains with this fubjedt, is of opinion 
that this new acid is only the acid of Jalt , combined 
with an earthy fubftance. For this opinion he 
advances various reafons; but does not pretend to 
be able to produce any decifive proof. The refult 
of my own experiments, I think, prove, that the 
fiuor contains a peculiar acid. 

As foon as I had exhibited one of the acids in 
the form of air } I had no doubt but that all the 
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acids might be exhibited in the fame manner, and 
this among the reft j but I imagined that I ftiould 
find great difficulty in procuring the foffil that 
contains it; fuppofing that it had only been found 
in Sweden ; and I fnould probably have continued 
in this incapacity for making the following experi¬ 
ments, had I not been relieved by Mr. Woulfe, who, 
upon my inquiry concerning it, not only explained 
to me what the fubftance was, but immediately 
furnilhed me with a quantity of feveral kinds of it, 
fufficient for my purpofe. That with which my firft 
experiments were made, was that which he called the 
white pho/phoric /par, from Saxony; but afterwards 
I made ufe of the Derbyffiire fpar; and the pieces 
that I had by me were partly white, or yellow ifh, 
and partly purple. 

All my advantage in the inveftigation of this 
fubjedt, has arifen from my peculiar manner of 
conducing the experiments. For, by exhibiting 
the acid in the form of air, free from moifture, I 
had an opportunity of examining its nature and 
affinities with the greateft eafe and certainty. In 
this manner alfo, this fpecies of air exhibits a variety 
of ftriking phenomena, which cannot be produced 
in any other manner of operating upon it. 

When I began thefe experiments, I followed 
the directions given by thofe who had gone before 
me in the inveftigation of this • fubjedt, and who 
Z 3 had 
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had procured the acid in the common method of 
diftillation, pounding the fluor (which I afterwards 
found not to be neceflary) and pouring oil of vitriol 
upon it. This I did in a phial, to which was fitted 
a ground-ftopper and tube, and immediately found, 
that, at firft, without any heat, and afterwards with 
a very fmall degree of it, air was produced in great 
plenty, perfectly tranfparent, and confined by quick- 
lilver, like the other acid airs. The vapour, as 
it ifiiied out of the tube into the open air, formed 
a permanent white cloudno doubt, by attaching 
to itfelf the water that floated in the atmolphere, 
and the fmell of it was extremely pungent. 

I had no fooner produced this new kind of air, 
but I was eager to fee the effedt it would have on 
water, and to produce the ftony cruft formed by 
their union, as defcribed by Mr. Scheele 5 and I 
was not difappointed in my expectations. The 
moment the water carpe into contact with this air, 
the furface of it became white and opake, by a 
ftony film, which, forming a feparation between the 
air above, and the water below it, confiderably re-, 
tarded the afcent of the water, till the air, infinuating 
itfelf through the pores and cracjcs of this cruft, 
the water necefiarily rofe as the air diminifhed, and 
breaking the cruft, prefented a new furface of wa¬ 
ter, which, like the former, was inftantly covered 
with frefh cruft. Thus was one ftony incrufta- 
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tion formed after another, till every particle of the 
air was united to the water, and the different films 
being collected, and dried, formed a white powdery 
fubftance, generally a little acid to the tafte j but 
when walked in much pure water, was perfectly 
infipid. 

Few philofophical experiments exhibit a more 
pleafing appearance than this, which can only be 
made, by firft producing the air confined by quick- 
filver, and then admitting a large body of water to 
it. Moft perfons to whom I have (hewn the ex¬ 
periment have been exceedingly (truck with it. 
It is exhibited to the moft advantage, when the vef- 
fel that contains the air is pretty wide, by which I 
mean about an inch in diameter. In this cafe the 
cruft will often crack in the middle, and a fmalj 
jet of water rufhing through the fiffure, will, to 
appearance, be inftantly converted into this ftony 
fubftance, and look like a puff of white powder, 
rifing fometimes an inch or two up into the air. 
Alfo the cryjlallizatmsy formed on the Tides of the 
veffel, as the water rifes in it, make a very beautiful 
appearance. 

The union of this acid air and water may alfo 
be exhibited in another manner, which, to fome 
perfons, makes a (till more ftriking experiment; 
viz. by admitting the air, as faft as it is generated, 
Z 4 to 
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to a large body of water refting on quickfilver, in¬ 
stead of introducing the water to the air previoufly 
formed. 

For this purpofe, I ufually put two or three 
ounce meafures of water into a tall cylindrical jar, 
about an inch in diameter (fuch as thofe which I 
generally ufe as recipients of thofe kinds of air that 
muft be confined by quickfilver) and filling the 
remainder of the vefiel with quickfilver, I place 
it inverted in a bafon containing a quantity of the 
fame fluid j lo that the water, immediately riling 
to the top, occupies the upper part of the vefiel, 
while the quickfilver occupies the lower part. I 
then introduce under it the end of the tube pro¬ 
ceeding from the phial, which contains the materials 
for generating this air, It is, then, very pleafing 
to obferve, that the moment any bubble of air, 
after palling through the quickfilver, reaches the 
water, it is inllantly, as it were, converted into 
a ftonej but continuing hollow for a Ihort fpace 
of time, generally rifes to the top of the water, in 
the form of a bubble, or a thin white film. If the 
fucceflion of bubbles be rapid, and they rile freely 
to the top of the vefiel, through a large body of 
clear water (which, however, is not always the 
cafe, as they will fometimes adhere to the upper 
furface of the quickfilver) I have met with few 

perfons 


Sett. I. FLUOR ACID AIR. 345 

perfons who are foon weary of looking at it i and 
fome could fit by it almoft a whole hour, and be 
agreeably amufed all the time. 

Every bubble of air, coming into contact with 
the water on every fide at once, is-like a blad¬ 
der, being hollow within; but this flight cruft foon 
burfting, the fides collapfe, and it rifes to the top 
of the veflel, in the form of a piece of thin white 
gauze. The water foon penetrating every part 
of it, the whole mafs of thefe films becomes in a 
little time like a jelly, which continually thickens 
by the accefiion of more films, till at length the 
whole body of water feems to become folidj fo 
that, being fully faturated, efpecially at the lower 
part, the air, finding no more moifture within its 
reach, will fill all the lower part of the veflel, 
expelling the quickfilver, while the water, in the 
form of a ftiff jelly, occupies all the upper part of 
the veflel. 

As, for the purpofes to be mentioned here-after, 
I have repeated this experiment a great number 
of times, I have had an opportunity of obferving 
a very great variety in the appearances which it 
exhibits. One is peculiarly pleafing, but not very 
common. A large bubble of air will fometimes 
adhere, by its lower part, to the furface of the 
quickfilver j and another bubble, riflng in the fame 
place, before the lower part of the former has been 
clofed, pufhes out the upper part of it, and ad¬ 
vancing 
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vancing farther into the water, extends the bubble 
in length: another follows, and does the fame, till 
at length a tube is formed (the fides alfo growing 
thicker continually) extending from the quickfilver, 
to the top of the water. I have feen of them four 
inches in length; and others being formed dole 
to them, the whole velfel has been almoft filled 
with thefe tubes, adhering to one another, of dif¬ 
ferent lengths, and not much unlike the appear¬ 
ance of the pipes that are placed in the froqt of 
an organ. 

In lefs than an hour, I have frequently convert¬ 
ed two or three ounce meafures of water into this 
folid mats. When this is taken out of the veftel 
and prefled, it will be found to contain a great deal 
of an acid liquor; the water impregnated with 
the acid having been intangled in the interftices of 
the jelly, out of the reach of the air: and if this 
liquor be ufed in another procefs, inftead of pure 
water, more of it will feem to become folid, and 
the acid liquor will be concentrated every time. 

By the repetition of this procefs, an acid liquor 
may be procured of a very confiderable degree of 
ftrength. There feems, however, to be a limit to 
its ftrength; for the acid is exceedingly volatile, as 
is evident from its extremely pungent fmell; fo 
that I have thought that I gained nothing by re¬ 
peating the procefs more than eight or ten times; 
becaufe it was impoflible to transfer the water from 
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one veflel to another, but more acid would be loft 
by evaporation, than would be acquired by another 
impregnation with the acid air. 

Thefe appearances I now explain, by fuppofing 
that the acid of;the fpar diflodged by the vitriolic 
acid, in uniting with the fpar, is in part volatilized, 
appears in the form of air; and that there is alfo 
combined with this air, a portion of the folid earthy 
part of;the fpar, which continues in a ftate of folu- 
tion, till, coming into contad with the water, the 
fluid unites with the acid, and the earth is precipi¬ 
tated. 

Before I proceed to relate any of the experiments 
which I made with this acid air, I fhall give a few 
diredions and precautions, which may be ufeful to 
perfons on their firft entrance upon this courle. 

1. The tube through which this acid vapour is 
conveyed fhould not be very narrow, becaufe it is 
apt to be furred up, efpecially when any phial, con¬ 
taining materials for the produdion of this air, has 
been ufed fome time, and with a good deal of heat j 
owing, I fuppofe, to the hot air retaining in folu- 
tion more of the ftony matter than it can do when 
it is cold, and therefore depofiting it as it is con¬ 
veyed through the tube. 

2. I began thefe experiments with phials which 
had ground ftoppers and tubes, but foon found that 
ft was too expenfive a mode of experimenting with 
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this kind of air j for they were prefently corroded 
and fpoiled. Afterwards, therefore, I ufed only 
common phials, but the thickeft that I could meet 
with ; and ftill feldom found that they would bear 
the experiment above an hour. Very frequently, 
the thickeft phials that I could get would be worn 
quite through in a quarter of an hour, when the 
heat was confiderable, and the production of the air 
rapid. This power of diffolving glafs is a very re¬ 
markable property of this air; but it feems to pof- 
lels it only when it is hot, at leaft in any confiderable 
degree. 

3. When I wifhed to produce this air pretty faftj 
I found it moft convenient to pound the lpar, and 
pour the oil of vitriol upon it, filling one fourth of 
the phial with the fpar, and leaving one fourth of it 
for a (pace in which the bubbles might expand them- 
felves, and break, fo as not to carry any of the li¬ 
quor into the tube. I now proceed to the particular 
experiments. 
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SECTION II. 

Experiments made with a View to difcover the Conjli- 
tution of Fluor Acid Air. 

I Thought it might pofiibly contribute to decide 
the queftion concerning the identity of this acid 
and the marine, if I put a quantity of the fluor cruft 
to marine acid air; thinking that they might form 
an union, and conftitute this fluor acid air. And, 
indeed, fomething fimilar to it was by this means 
produced j fo that another cruft was formed upon 
the admifiion of water to it; but, in other re- 
fpe<5ts, feveral circumftances, which I cannot ex¬ 
plain, attended the experiments. They were as 
follows. 

To about two ounce meafures of marine acid air 
I put about a quarter of a grain of the fluor cruft, 
and in about three days it had abforbed about half 
an ounce meafure of the air. Water being then 
admitted to it, left a quarter of an ounce meafure 
of air unabforbed. 

Afterwards I conveyed marine acid air to a pretty- 
large quantity of the fluor cruft, confined by quick- 
5 filver ; 
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filver ; and, as the air was imbibed, I continued 
to throw up more, till, after three or four days, that 
fubftance feemed to be fully faturated with the air* 
Then admitting water to it, it was abforbed exadbly 
like the fluor acid air; but I could not, at that 
time, very well diftinguifh the cruft on the top of 
it, on account of the jar being almoft filled with the 
cruft, and part of it floating on the top of the water. 
About three fourths of this air was abforbed by the 
water; but what I thought very remarkable, air 
kept ififuing from this fluor cruft, in large bubbles, 
till the quantity of air was doubled, and the jar was 
half filled with it. This air neither affefted common 
air, nor was affected by nitrous air, and it extin- 
guifhed a candle. 

I repeated the experiment, with this only differ- 
ence, that I admitted water to the air as foon as the 
fluor cruft feemed to be faturated; when the expe- 
riment being made in a wide jar, the cruft on the 
furface of the water was as vifible as in the experi¬ 
ment with the fluor acid air itfelf. At this time, 
however, there was no generation of air from the 
faturated cruft, as before, but a confiderable quan¬ 
tity of air, unabforbed by water, though I took care 
that the marine acid air was as pure as I could 
procure it. 

Having a quantity of the fluor cruft faturated 
with marine acid air, I had the curiofity to pour 
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fome oil of vitriol upon it, in order to try whether 
the produce would be pure marine acid air, or a 
mixture of the two ; and the latter feemed to be the 
cafe, though 1 think the marine acid prevailed in 
the mixture. 

In this procefs air was produced in great plenty, 
and the bubbles burft in the receiver with a white 
cloud; but when water was admitted to it, it was 
abforbed without any cruft being formed upon its 
furface. 

In twenty four hours a piece of falt-petre turn¬ 
ed yellow in this air, and abforbed about half an 
ounce meafure of it. What remained unabforb- 
ed by water, was exceedingly ftrong nitrous air, 
the fpirit of nitre having been fet loofe from the falt- 
petre by the marine acid air, and having diflolved 
the quickfilver. 

A piece of borax, in about a fortnight, abforbed 
about two ounce meafures of this air, without leav¬ 
ing any refiduum not abforbed by water. The 
furface of the borax was become foft j but by walk¬ 
ing it in water, the foft part was eafily feparated from 
the reft. 

At the beginning of my inveftigation of this fub- 
je£t, I had a fufpicion that this new acid air might 
polftbly be the vitriolic acid air , loaded with the 
fparry cruft; but the following experiments were 
not favourable to this hypothefis. 
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I threw the focus of a burning lens upon fome 
pieces of the fpar in vitriolic acid air, confined by 
quicldilver; thinking, that when it was hot, it might 
diffolve fome part of it, and thereby become the 
fame thing with the fluor acid air. But though I 
continued this operation till the fpar fmoked, and 
filled the veffel with a white fume, there was nei, 
ther any addition made to the quantity of air, nor 
any change produced in the quality of it. When 
water was admitted to it, no cruft, as I had expect¬ 
ed, was formed on the furface of it. 

In order to try whether the fluor cruft was the 
fame thing with the fpar, from which it had been 
produced, I got a quantity of it, and treated it in 
the fame manner as I had treated the fpar, pouring 
oil of vitriol upon it, and endeavouring to expel air 
from it. I prefently found, indeed, that it yielded 
great plenty of air; but not finding it to be the 
thing I was then in queft of, viz. an acid air, by 
means of which a cruft would be formed on the 
furface of the water admitted to it, 1 neglefted to 
give fufficient attention to it. 

Water admitted to this acid air, procured from 
the fluor cruft by oil of vitripl, abforbed it all, but 
without having any cruft upon its furface. 

Alkaline air united with the whole of this acid 
air, forming with it a white faline fubftance; and 
part of the infide of the tube in which the mixture 
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Was made, was tinged with a deep yellow, or orange 
Colour, which difappeared after a few hours expo- 
fure to the open air. This I have oblerved to be 
the cafe with the vitriolic acid air. 

This air did not at all affeft falt-petre or borax. 

The acid air expelled from water faturated with 
the floor acid, relembles the vitriolic acid air in lb 
many properties* that when I firft publiftied my 
experiments on the fubjeft, I concluded it to be 
the vitriolic acid air combined with the fluor cruft. 

To fatisfy myfelf with refpeft to it, I fatu¬ 
rated a quantity of water with the fluor acid air* 
prefling out the ftony matter with which it was 
filled at each procefs, and impregnating it over and 
over again. When it appeared to be fufficiently 
impregnated for my purpofe, I put the liquor into 
a phial, furnifhed with a proper tube and recipient, 
fuch as is reprefented Plate II. fig. 8. to re¬ 
ceive any of the watery part that might be expelled 
by heat; and applying the flame of a candle, I pre- 
fently got from it great plenty of air* which, by 
every teft that I could think of applying, appeared 
to have the very fame properties with the vitriolic 
acid air. 

The air thus expelled from this acid liquor was 
abforbed by water, without any cruft on the furface 
of it. 
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When alkaline air was admitted to it, the Tides 
of the veflfel were tinged with the orange-colour 
mentioned above, which vanished in about an hour 
after it had been expofed to the open air. 

This air had no effect upon falt-petre , a piece 
of which continued in it about a fortnight; nor yet 


upon Julphur , alum , or Jal ammoniac. 

Liver of Sulphur abforbed it, without undergoing 
any fenfible change. 

This air extinguifhed a candle, without any par¬ 
ticular colour of the flame. 

Camphor was diflfolved in this air, exactly as it is 
in vitriolic acid air. 

In thefe properties this acid air will be found, by 
comparifon, to agree with the vitriolic acid air; as 
alio in the two following, which, as far as I know, 
are peculiar to this fpecies of air. 

Phlogifton, as I have obferved, is contained in 
vitriolic acid air, and in fuch a manner as to be 
communicated by it to the common air witli which 
it is mixed, and thereby to phlogifticate, or injure 
it. And an equal quantity of this acid air, and com¬ 
mon air, having been mixed, and left together 
twenty-four hours, the common air appeared to be 
fo far injured, that two meafures of it, and one of 
nitrous air, occupied the fpace of fomething more 
than two meafures. 

The eleUric /park lias a very remarkable effett 
upon the vitriolic acid air, or rather upon the glafs 
r tube 
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tube in which the experiment is made, as has 
been obferved ; for a Jingle explofion covers all 
the infide furface with a deep brown or black 
matter, and the glais grows more opake every 
ftroke. This very lingular and Itriking effe£t has 
the eledtric (park taken in the air expelled from 
this acid liquor. 

After I had made this experiment, I had no doubt, 
but that thefe two kinds of air, viz. the vitriolic acid 
and the fluor acid , are, in reality, the fame. And 
the difference between them when the latter is di veiled 
of the llony matter which it contains, cannot be great. 
But Hill the acid thus far feparated from the ftony 
matter contains a fuflicient quantity of it; for in mak¬ 
ing it boil with violence, the infide of the tube imme¬ 
diately connected with it, was filled with a ftony matter. 
It happened twice in the courfe of the above men¬ 
tioned experiments, that the tube v/as quite Hopped up 
by this means, fo as tocaufe the explofion of the phial. 

Laftly, I would obferve, that the tap of this acid 
liquor afforded a prefumptkm, that the acid which 
enters into it was the vitriolic; for it has exadlly the 
aftringency of alum. Notwithftanding all thefe 
circumftances, the acid is unqueftionably of a dif¬ 
ferent nature. 

That the fluor contains phlogifton, is evident, 
fe°m the attempts that I made to procure dephlogif- 
fccated air from it, by means of fpirit of nitre j for 
A a 2 the 
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the air that I got from it was always plilogifticated* 
and fometimes even nitrous. 

At firft l made this experiment by putting the 
materials into a phial with a ground-ftopper and tube, 
and applying the heat of a candle only. T he air 1 
got in this manner neither affedted common air, nor 
was affedled by nitrous air. I then put the fame ap-f 
paratus into a crucible j and, with a ftrong fand- 
heat, I got from it about two ounce-meafures of air j 
in four portions. The firft of thefe was exactly 
like the preceding, being phlogifticated air; the 
fecond made lime-water turbid, and a great part of it 
was readily abforbed by water : the third and fourth- 
portions were very ftrong nitrous air. 

This experiment was made with the whitifh part 
of this fpar, which therefore probably contains the 
leaft phlogifton. That phlogifton which con¬ 
tributes to the colour of this foffil, I found, by the 
following obfervation, to be of a very volatile na¬ 
ture. When the coloured fpar is diflolved in oil of 
vitriol, the fluor cruft, collected in the water, has 
the fame colour; but when it is dried near the fire, 
the colour vanifhes, and the whole becomes white: 
yet this white cruft, heated again in oil of vitriol, con¬ 
tains, as was obferved before, fo much phlogifton, 
as to convert oil of vitriol into vitriolic acid air. 

The air expelled from this acid liquor did not 
dififolve the fluor cruft that was expofed to it. A 
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quantity of it remained in this fituation feveral days, 
without affe&ing it, or being afredted by it. I had 
imagined that it might have been diffolved by this 
air, and have converted it into the fluor acid air. 

Oil of turpentine abforbed about ten times its bulk 
of this air, and became of an orange colour. Af¬ 
ter this impregnation it had a pungent acid fmell, 
together with its own, I obferved nothing farther 
refpedting it. 

Reflecting upon the phofphoric property of the 
fpar, by means of which I had procured this acid 
Air, I thought it was pofiible that its property of 
enabling oil of vitriol to yield this air, might be 
common to it with other fimilar phofphoric fubftan- 
ces, depending upon that combination of phlogifton 
which enables them to imbibe and emit light. 

In order to afcertain this, with refpedt to one other 
fubftance of this kind, I made a quantity of Mr. 
Canton's phofphorusy and pouring upon it l'ome oil of 
vitriol, I got air that was readily abforbed by water, 
and with a cruft upon its furface, exactly like that 
which is procured from the fluor, only not in fo 
great a quantity. The eftervefcence between this 
fubftance and the oil of vitriol was very great, and 
alfo the heat occafioned by it; and the vapour ef- 
caping into the common air, was white and denfe, 
much like the vapour of the fluor acid. 

I lhall conclude this fedtion with obferving, that 
the oil of vitriol in which the fluor is diffolved* 
A a 3 be- 
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becomes thick like ice, exactly like the oil of vitriol 
in which quick-lime has been boiled. 

As the fiuor contains an acid jui generis, it might 
have been expeCted, that it would have been diflodged 
from its bafe by fome other of the acids, as well as 
the vitriolic j or that, if it was of a ftronger kind 
than the nitrons, or marine acids, it might difiodge 
them from their bafes: but no experiments 
whatever fhow any fuch thing; nor can the fiuor 
acid be at all produced, except when the fpar is dif- 
lolved in the vitriolic acid. This has, in fome mea- 
fure, been obferved by others. Having' carefully 
repeated the experiments myfelf, I obferved the 
following refults. 

Having put a quantity of fiuor to ftrong nitrous 
acidy in a glafs phial with a ground ftopper, I receiv¬ 
ed the produce in water, and obferved that about 
one fixth of it was fixed air, precipitating lime in 
lime-water, and that the remainder was ftrongly 
nitrous (a proof that this fubftance contains much 
phlogifton) but there was no appearance of any 
thing like a cruft on the furface of the water. When 
the air was received in quickfilver, the lolution of 
the metal, and the production of more nitrous air, 
demonftrated that the nitrous acid, uncombined with 
any thing that could alter the property it, came 
over. 
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SECTION III. 

Qbjernations on the Freezing of Water, impregnated 
with Fluor Acid Air , and with Vitriolic Acid Air. 

I Had an opportunity, in one frofty winter, of 
obferving a pretty remarkable difference between 
water impregnated with vitriolic acid air, and water 
impregnated with the fluor acid. It is that water 
impregnated with vitriolic acid air that may be 
converted into ice, whereas water impregnated with 
fluor acid air will not freeze, 

I had obferved with refpecSt to marine acid air, 
and alkaline air, that they djffolve ice, and that wa¬ 
ter impregnated with them is incapable of freezing, 
at leaft in fuch a degree of cold as I had expoied 
them to. The fame, I find, is the cafe with fluor 
acid air, but it is not fo at all with vitriolic acid air, 
which, intirely contrary to my expe&ation, I find 
to be altogether different from marine acid air in 
tliis refpeft, and to refemble fixed air. But where¬ 
as water impregnated with fixed air difcharges it 
when it is converted into ice, water impregnated 
with vitriolic acid air, and then frozen, retains it as 
ftrongly as ever. 


A a 4 


I expofed 


OBSERVATIONS ON 


360 


Partin 


1 expofed in an open phial a quantity of water 
fully impregnated with vitriolic acid air, when the 
thermometer was at 17 degrees, and obferved that 
it was prefendy frozen quite through, the fmell of it 
continuing to be extremely pungent. As it melted, 
the ice funk to the bottom of the liquor, and when 
it was quite difiblved, the water appeared to be ftilj 
very ftrongly impregnated. 

Then, in order to try whether water would freeze 
in a fituation in which none of this acid air could 
poflibly efcape from it, I expofed to the fame de¬ 
gree of cold a quantity of water faturated with this 
air, remaining upon the quickfilver, in the jar iq 
which the impregnation had been made ; but this 
water alfo was prefendy converted into ice, which 
was opaque, though the bubbles were not diftin&ly 
perceivable. 

I then poured a quantity of water upon a quan¬ 
tity of the ice above mentioned, when it froze, 
without being feemingly affeded by any effluvium 
of the impregnated ice. This continued opaque, 
while that of the water was traniparent as ufual. 
Both diefe kinds of ice melted equally, and adherecj 
together. 

Ice was not at all difiblved in vitriolic acid air. 
Letting it remain in this fituation all night, the 
next morning I found all the air abforbed; but it ap¬ 
peared, by the form of the ice, that it had been melted. 
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and frozen again ; for it exadly fitted the glafs vef- 
fel in which it was confined. 

Ice was readily dififolved at firft in fluor acid air, 
but afterwards very (lowly, as might have been 
concluded from the manner in which this kind of 
air is imbibed by water. However, in time, the 
whole of the air was abforbed by the ice, which 
was dififolved by it, and continued fluid on the fur- 
face of the quickfilver. 

In order to make my experiment upon water im¬ 
pregnated with fluor acid air, I faturated a quantity of 
water with it fo fully, that I could with difficulty 
fqueeze any water from a quantity of fluor cruft that 
was depofited in it. This water I expofed to the 
froft all night, and in the morning found it to be in- 
tirely fluid. Presently after this the froft broke, and 
J had no opportunity of repeating the experi¬ 
ment. 

The farther profecution of this experiment, and 
a proper attention to it, will probably throw great 
light on the nature of freezing. 

The froft of a fubfequent winter confirmed the 
above mentioned obfervations, except thofe which 
refpedled water impregnated with fluor acid air, 
which I before concluded would not freeze. 

I now find that it does freeze, though it requires a 
greater degree of cold than water impregnated with 

vitriolic 
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vitriolic acid air. The latter effect I attributed to the 
prefence of fome of the fluor cruft in the folution, and 
I think this conje&ure is, in fome meafure, con¬ 
firmed by the following obfervations ; in which it 
will be feen, that lime water did not freeze fo foon 
. as common water, and that lime water impregnated 
with vitriolic acid air did not freeze fo foon as com¬ 
mon water fo impregnated. 

Jan. 7, 1779. I expofed to the cold all night 
a phial of pump water, and one of the fame 
water faturated with quick lime. The next morn¬ 
ing I found the thermometer, at 28, the pump wa¬ 
ter frozen folid, but the lime water not frozen at 
all. 

Jan. 9. When the thermometer was at leaft 23 
water impregnated with fluor acid air, after being 
expofed to the cold all night, was imperfedtly frozen. 
At the fame time water impregnated with vitriolic 
acid air was quite folid, and alfo a quantity of 
the fame in which fome chalk had been dif- 
folved. But lime impregnated with vitriolic acid 
air was quite fluid. Lime water was frozen, and a 
little of the lime was precipitated. 

Jan. 12. When the thermometer was at 20, 
and had probably been lower in the night, I found 
the lime water impregnated with vitriolic acid air, 
and alfo the water impregnated with fluor acid air, 

folid 
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folid throughout. The former was quite white, 
but was tranfparent again when the ice melted. As 
the ice of the fluor acid melted, it fwam on the fur- 
face of the liquid part. 


SECTION IV. 

Mifcellaneous Experiments on the Properties of Fluor 
Acid Air . 

D IPPING a lighted candle into a veflel filled 
with the fluor acid air, it was extinguifhed 
without any particular colour of the flame, which 
is obfervable in the marine acid air. 

Nitrous air, mixed with this acid air, had no 
fenfible effect upon it. Water abforbed the acid air, 
and left the nitrous air poffeffed of its peculiar pro- 
perties. 

Having 
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Having afcert^ined the effect of water upon this 
acid air, 1 proceeded to try other fluidfubflances. 

Spirit of wire imbibed this air as readily as water, 
but continued as limpid as ever; and when fatu- 
rated with it, feemed to be nolefs inflammable than 
before. 

Oil of turpentine did not imbibe any of this air. 

Vitriolic ether imbibed about twenty times its own 
bulk of it; but was not fenfibly changed by the 
impregnation. The cafe was the fame with nitrous 
ether ; Eut the firfb time that I made the experiment 
with nitrous ether, I imagine a little water was 
mixed with it (as much as thofe fubftahces are ca¬ 
pable of being mixed) for it coagulated as water 
had done, remaining in the middle of the tube, the 
acid air being both above and below it. This mafs of 
coagulated matter, which in’colour and confidence 
refembled a brown jelly, being taken out of the vef- 
iel, did not take fire at the approach of a candle; 
but when it had been expofed to the air about half 
a minute, it grew hot, threw out a grofs fmoke, 
and was prefently all evaporated. Part, however, 
of the fame mafs, which had been dipped in water, 
did not grow hot, or evaporate, in the open air j 
and when expofed to the fire, it burned to a white 
powdery fubftance. I imagine this efFeft to have 
been owing to a mixture of water ; becaufe, with 
4 pure 
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pure nitrous ether* I could not get another appear¬ 
ance of the kind. 

Of JolidJubftances * I found that this air had no 
effetf: up oiifulphur, common[alt> Jal ammoniac * iron, 
liver ofjutyhur, or gum-lac. 

Charcoal abforbed the whole of a quantity of this 
air, and contracted from it a ftrong pungent fmell. 
The rujl of iron alfo abforbed it in like manner. 

Alum abforbed this air pretty fafr, the furfaCe of it 
being rendered white and opake. When it was 
taken out of the air, it looked moift, and was inca¬ 
pable of the operation of roafting, like that which 
had been expofed to alkaline air. This air having, 
no doubt, like the other, feized upon die water 
which enters into the compofition of alum. 

Quicklime and chalk , both abforbed a little of this 
acid air; but the refult was, in no refpe£t, remark¬ 
able. The latter had been dilfolved by it, and had 
produced a quantity of fixed air, precipitating lime 
in lime-water. 

In order to judge whether there was any founda¬ 
tion for the opinion of Mr. Boulanger, of this acid 
being the fame with the marine, I put to it a piece 
offalt-petre, which I have obferved to be readily 
dilfolved in the marine acid air; and I muftowji 
that appearances fo much favoured his opinion, that 
I was at that time very much inclined to adopt it. 

When 


$66 OBSERVATIONS ON Part IIL 

When the falt-petre had been for fome time fur- 
rounded with this air, the air began to be diminifh- 
ed, and the infide of the vefiel was filled with red 
fumes, which continued about a week, the quick- 
filver rifmg all the time, till only one tenth of the 
air remained, and the infide of the veffel was co¬ 
vered with a whitifh, probably a faline, fubftance, 
produced by the folution of mercury. After this, 
the air becoming tranfparent, I examined it, and 
found it neither to affect common air, nor to be 
affected by nitrous air, and to extinguifh a candle. 
Alfo, about one fourth of it was readily abforbed 
by water, and made lime water turbid ; fo that, 
contrary to my expe£tation v a great part of the air 
muft have been fixed air, and not nitrous. This 
experiment I did not repeat; but it feems to exhibit 
a fadt deferving of fome attention. 

Fluor acid air, when it is fiift produced, corrodes 
the glafs veffel in which it is generated. But whe¬ 
ther it did this of itfel£ merely in confequence of 
being heated, or whether the moifture, or fome- 
thing elfe contained in the oil of vitriol, by means 
of vmich it is formed, contributed to this effect, 
did not certainly appear. When this air is cold, it 
dee^ not at all affedt the glafs veffel in which it is 
confined. In my attempts to confine the dif¬ 
ferent kinds of air in glafs tubes hermetically fealed. 
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in order to expofe them to a continued heat, I ob- 
ferved that it is fimply the heated air that has this 
effect. For when I had filled a tube with this kind of 
air, and was endeavouring to take off different 
lengths of it with a blow pipe, I found that, when 
the glafs became red hot, it was always fo corroded, 
and diffolved, that it was impoffible to clofe it by 
fealing. 

Having mentioned the effect of heating various 
fubftances in different kinds of air by means of a 
burning lens, that I may not omit to mention any 
thing that I have obferved of the kind, and that I 
can think any perfon might wifh to be informed of, 
I fhall, in this mifcellaneous fe&ion, recite the fol¬ 
lowing experiments. 

Throwing the focus of the lens upon iron turn¬ 
ings in fluor acid air, a denfe white fume prefently 
filled the veffel, and during the procefs the heat was 
remarkably great, fo that I could not touch the 
upper part of the glafs veffel in which the experiment 
was made. The quantity of air was confiderably 
diminilhed, and a quantity remained that %vas not 
abiorbed by water, but not enough to examine it. 
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PART IV. 

EXPERIMENTS AND OBSERVATIONS RELATING ffl 
ALKALINE AIRa 


SECTION I. 

"The D ifc every of Alkaline Air,, and of the Impregnation 
of Water with it a 

A FTER I had made the diicovery of the ma¬ 
rine acid air , which the vapour of ipirit of 
fait may properly enough be called, and had made 
thole experiments upon it, of which I have 
already given an account, it occurred to me; 
that, by a procefs fimilar to that by which this 
acid air is expelled from the fpirit of fait, an alkaline 
air might be expelled from fubftances containing 
Volatile alkali. 


Ae- 
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Accordingly I procured fome volatile fpirit of 
fal ammoniac, and having put it into a thin phial, 
and heated it with the flame of a candle, I prefently 
found that a great quantity of vapour was difcharged 
from it; and being received in a veflel of quick- 
filver, franding in a baibn of quickfllver, it con¬ 
tinued in the form of a tranfparent and permanent 
air, not at all condenfed by cold; fo that I had the 
fame opportunity of making experiments upon it, 
as I had before on the acid air, being in the fame 
favourable circumftances. 

With the fame eafe I alfo procured this air from 
fpirit of hartfhorn, and fal volatile either in a fluid or 
folid form, i. e. from thofe volatile alkaline falts 
which are produced by the diftilktion of fal am¬ 
moniac with fixed alkalis. But in this cafe I foon 
found that the alkaline air I procured was not pure; 
for the fixed air, which entered into the compo- 
fition of my materials, was expelled along with it. 
Alfo, uniting again with the alkaline air, in the 
glafs tube through which they were conveyed, 
they flopped it up, and were often the means of 
hurfting my veflels. 

# While thefe experiments were new to me, I ima¬ 
gined that I was able to procure this air with pe¬ 
culiar advantage and in the greateft abundance, 
either from the falts in a dry ftate, when they were 
juft covered with water, or in a perfedly fluid 
VoL - H - » b ftate, 


rfjx) observations ON Part Il\ 

ftate; for, upon applying a candle to the phials 
in which they were contained, there was a moft 
aftonifhing production of air ; hut having examin¬ 
ed it, I found it to be chiefly fixed air, efpecially 
after the firft or fecond produce from the fame 
materials; and removing my apparatus to a trough 
of water,- and ufing the water inftead of quick- 
fiver, I found that it was not prefently abforbed 
by it. 

This, however, appears to be an eafy and elegant 
method of procuring fixed air, from a fmall quan¬ 
tity of materials, though there muft be a mixture 
of alkaline air along with it; as k is by means of 
its combination with this principle only, that it is 
poflible, that fo much fixed air fliould be retained 
in any liquid. Water, at leaft, we know, cannot 
be made to contain much more than its own bulk 
of fixed air. 

After this difappointment, I confined myfelf to 
the ufe of that volatile fpirit of fill ammoniac which 
is procured by a diftillation with flaked lime, which 
contains no fixed air; and which leans, in a gene¬ 
ral ftate, to contain about as much alkaline air, as 
ad equal quantity of fpirit of fait contains of the 
marine acid air. 

Wanting, however, to procure this air in greater 
quantities, and this method being rather expenfive, 
it occurred to me, that alkaline air might, probably* 
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be procured, with the moll eafe and convenience, 
from the original materials, mixed in the fame 
proportions that chemifts had found by experience 
to anfwer the beft for the production of the vola¬ 
tile Ipirit of fal ammoniac. Accordingly I mixed 
one fourth of pounded fal ammoniac, with three 
fourths of flaked lime ; and filling a phial with the 
mixture, I prelently found it completely anfwered 
my purpofe. The heat of a candle expelled from 
this mixture a prodigious quantity of alkaline air; 
and the fame materials (as much as filled an ounce 
phial) would ferve me a confiderable time, with¬ 
out changing; efpecially when, in (lead of a glafs 
phial, I made ufe of a fmall iron tube, which I find 
much more convenient for the purpofe. 

As water foon begins to rife in this procefs, it 
is necefiary, if the air is intended to be conveyed 
perfectly dry into the veflfel of quickfilver, to have 
a fmall vefiel in which this water (which is the 
common volatile fpirit of fal ammoniac) may be 
received. This fmall vefiel mud be interpofed 
between the vefiel which contains the materials for 
the generation of the air, and that in which it is 
to be received, as d, PI. II. fig. 8. 

This alkaline air being perfectly analogous to 
the acid air, I was naturally led to inveftigate the 
properties of it in the fame manner, and nearly in 
the fame order. From this analogy I concluded, 
Bb 2 
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as I prelently found to be the fa£t, that this alkaline 
air would be readily imbibed by water, and, by 
its union with it, would form a volatile fpirit of 
fal ammoniac. And as the water, when admitted 
to the air in this manner, confined by quickfilver* 
has an opportunity of fully faturating itfelf with 
the alkaline vapour, it is made prodigioufly ftronger 
than any volatile fpirit of fill ammoniac that I have 
ever feen; and I believe ftronger than it can be 
made in the common way. 

In order to afcertain what addition, with refpedt 
to quantity and weight,„ water would acquire by 
being faturated with alkaline air, I put one grain 
and a quarter of rain water into a fmall glafs tube, 
clofed at one end with cement, and open at the 
other, the column of water meafuring feven tenths 
of an inch j and having introduced it through the 
quickfilver into a vefiel containing alkaline air, 
obferved that it abforbed feven eighths of an ounce 
mealure of the air, and had then gained about half 
a grain in weight, and was increafed to eight tenths 
of an inch and a half in lengdi. I did not make 
a fecond experiment of this kind, and therefore will 
not anfwer for the exa&nefs of theie proportions 
in future trials. What I did fufficiently arifwered 
my purpofe, in a general view of the fubjedt. 

When I had, at one time, faturated a quantity 
©f diftilled water with alkaline air, fo that a good 

deal 
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deal of the air remained unabforbed on the furface 
of the water, I obferved that, as I continued to 
throw up more air, a confiderable proportion of 
it was imbibed, but not the whole; and when I 
had let the apparatus ftand a day, much more of 
the air that lay on the furface was imbibed. And 
after the water would imbibe no more of the old 
air, it imbibed new. This fhews that water re¬ 
quires a confiderable time to faturate itfelf with 
this, kind of air, and that part of it more readily 
unites with water than the reft. 

The fame is alfo, probably, the cafe with all 
the kinds of air with which water can be impreg¬ 
nated. Mr. Cavendifh made this obfervation with 
refpedt to fixed air, and 1 repeated the whole pro- 
cefs above-mentioned with marine acid air, and 
<had precifely the fame refult. The allvaline water 
which I procured in this experiment was, beyond 
comparifon, ftronger to the fmell, than any fpirit 
of fal ammoniac that I had feen. 

This experiment led me to attempt the making 
of fpirit of fal ammoniac in a larger quantity, by 
impregnating diftilled water with this alkaline air. 
For this purpofe I filled a piece of a gun barrel 
with the materials above-mentioned, and luted to 
the open end of it a fmall glafs tube, one end of 
which was bent, and put within the mouth of a 
glafs veflel, containing a quantity of diftilled water 
B b 3 upon 
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upon quickfilver, {landing in a bafon of quickfilver. 
In thefe circumftances the heat of the fire, applied 
gradually, expelled the alkaline air, which, paffing 
through the tube, and the quickfilver, came at laft 
to the water, which, in time, became fully faturated 
with it. 

By this means I got a very ftrong alkaline li¬ 
quor, from which I could again expel the alkaline 
air which I had put into it, whenever it happened 
to be more convenient to me to get it in that man¬ 
ner. This procefs may eafily be performed in a 
flill larger way; and by this means a liquor of the 
fame nature with the volatile ipirit of fal ammo¬ 
niac, might be made much ftronger, and much 
cheaper, than jt is now made. 

I had fome expectation that alkaline air might 
be expelled from cauftic fixed alkali , efpecially 
as it is known that the fixed and volatile alkalis 
differ only in their combinations; but I was dif- 
appointed in my expectations. Having procured 
a quantity of cauftic alkali from Mr. Lane, who 
is known to prepare it with particular accuracy, 
I treated it in the fame manner as I had done 
the fpirit of fait, and found that the vapour ex¬ 
pelled from it confifted of nothing but water, being 
immediately condenfed when it came to the cold 
quickfilver. 
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SECTION II. 

(fhe Mixture of Alkaline Air with various Subfiance 
and mifcellaneous Properties of it, 

H AVING fatisfied mvfclf with refpeft to the 
relation that alkaline air bears to water, I 
was impatient to find what would be the confe- 
quence of mixing this new air with the other kinds 
with which I was acquainted before, and efpecially 
With marine acid air; haying a notion that thei'e two 
airs, being of oppofite natures, might compote a neutral 
air , and perhaps tfie very fame thing with com¬ 
mon air. But the moment that thefe two kinds 
of air came into contact, a beautiful white cloud 
was formed, and prefently filled the whole veffcl 
in which they were contained. At the fame time 
the quantity of air began to diminifh, and, at length, 
when the cloud was fubfided, there appeared to 
be formed a folid white falt> which wa§ found to 
be the common fclamnimac , or the marine acid 
united to the volatile alkali. 

The firft quantity that I produced immediately 
deliquelced, upon being expofed to the common 
B b 4 air; 
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air; but if it was expofed in a very dry and warm 
place, it almoft all evaporated, in a white cloud. 

I have, however, fince, from the fame materials, 
produced the fait above-mentioned in a ftate not 
fubje£t to deliquefce, or evaporate. This differ¬ 
ence, I find, is owing to the proportion of the two 
kinds of air in the compound. It is only volatile 
when there is more than a due proportion of either 
of the conftituent parts. In thefe cafes the fmell 
of the falts is extremely pungent, but very different 
from one another; being manifeftly acid, or alka¬ 
line, according to the prevalence of each of thefe 
airs refpedtively. 

Nitrous air admitted to alkaline air.likewife oc- 
cafioned a whitifh cloud, and part of the air was 
abforbed; but it prefently grew clear again; leaving 
only a little dimnefs on the fides of the veffel. This, 
however, might be a kind of fait, formed by the 
union of the two kinds of air. There was no other 
fait formed that I could perceive. Water being 
admitted to this mixture of nitrous and alkaline 
air prefently abforbed the latter, and left the former 
pofleffed of its peculiar properties. • 

Fixed air admitted to alkaline air formed ob¬ 
long and (lender cryftals, which eroded one another, 
and covered the fides of the veffel in the form of 
net-work. Thefe cryftals muft be the fame thing 
with the volatile alkalis which chemifts get in a 

folici 
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folid form, by the diftiliation of fal ammoniac with 
fixed alkaline falts. 

Inflammable air admitted to alkaline air exhibited 
no particular appearance. Water, as in the former 
experiment, abforbed the alkaline air, and left the 
inflammable air as it was before. It was remark¬ 
able, however, that the water which was admitted 
to them became whitifli, and that this white cloud 
fettled, in the form of a white powder, to the bot¬ 
tom of the veffei. 

Alkaline air mixed with common air, and {landing 
together feveral days, firft in quickfilver, and then 
in water (which abforbed the alkaline air) it did 
not appear that there was any change produced in 
die common air; at lead: it was as much diminifli- 
ed by nitrous air as before. The fame was die 
cafe with a mixture of marine acid air and com¬ 
mon air. 

Having mixed air that had been diminiflied by 
the fermentation of a mixture of iron filings and 
fulphur with alkaline air, the water abforbed the 
latter, but left the former, with refpeft to the teft 
of nitrous air (and therefore, as I conclude, with 
refped to all its properties) the fame that it was 
before. 

Spirit of vAne imbibes alkaline air as readily as 
water, and feems to be as inflammable afterwards 
as before. 
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Alkaline air contracts no union with olive oil. 
They were in contact almoft two days, without 
any diminution of the air. Oil of turpentine, and 
eflential oil of mint, abforbed a very fmall quan-r 
tity of alkaline air, but were not fenfibly changed 
by it. 

Ether , however, imbibed alkaline air pretty free¬ 
ly ; but it was afterwards as inflammable as before, 
and the colour was not changed. It alfo evaporated 
as before, but I did not attend to this laft circum- 
ftance very accurately.' 

Sulpbur y nitre y common Jalty and flintSy were put 
to alkaline air without imbibing any part of itj 
but char coaly fpunge , bits of linen cloth , and other 
fubftances of that nature, feemed to condenfe this 
air upon their furfaces; for it began to diminilh 
immediately upon their being put to it j and when 
they were taken out the alkaline fmell they had 
contracted was fo pungent as to be almoft intoler¬ 
able, efpecially that of die fpunge. Perhaps it 
might be of ufe to recover perfons from fwooning, 
A bit of fpunge, about as big as a hazel nut, pre- 
fently imbibed an ounce meafure of alkaline air. 

A piece of the infpifiated juice of turnjole was 
made very dry and warm, and yet it imbibed a 
great quantity of the air; by which it contracted 
a moft pungent fmell, but the colour of it was not 
changed. 

Aim 



Sett. II. ALKALINE AIR. 379 

Alum undergoes a very remarkable change by 
the a&ion of alkaline air. The outward fliape 
and fize remain the fame, but the internal ftruc- 
ture is quite changed, becoming opaque, beauti¬ 
fully white, and, to appearance, in all refpetts like 
alum which had been roafted; and fo as not to be 
at all affedted by a degree of heat that would have 
reduced it to that ftate by roafting. This effedt 
is produced (lowly; and if a piece of alum be 
taken out of alkaline air before the operation is 
over, the infide will be tranfparent, and the outfide, 
to an equal thicknefs, will be a white cruft. 

I imagine that the alkaline vapour feizes upon 
the water that enters into the conftitution of crude 
alum, and which would have been expelled by 
heat. Roafted alum alfo imbibes alkaline air, and, 
like the raw alum that has been expofed to it, ac¬ 
quires a tafte that is peculiarly difagrceable. 

Phofphorus gave no light in alkaline air, and 
made no lading change in its dimenfions. It va¬ 
ried, indeed, a little, being fometimes increafed and 
fometimes diminilhed, but after a day and a night, 
it was in the fame ftate as at the firft. Water ab- 
forbed this air juft as if nothing had been put 
to it. 

In fome chemical procefles^ volatile alkali dif- 
folves copper. This I alfo have obferved in my 

account 
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account of the experiments in which I put fome 
pieces of volatile alkaline fait to a quantity of com¬ 
mon air, at the time that I introduced nitrous air 
to it. For, if the alkaline fait be fupported by 
copper wire, it prefently becomes blue, and is foon 
corroded. I therefore thought that pieces of cop¬ 
per, expofed to pure alkaline air , would have been 
affeded in the fame manner; but I did not find 
this to be the cafe. A number of pieces of cop¬ 
per wire remained a whole night in alkaline air 
without fenfibly affeding it, or being affeded by 
it. That the alkaline air was pure, appeared by 
•its being wholly abforbed by water afterwards. 

Having put fome fpirit of fait to alkaline air, 
the air was prefently abforbed, and a little of the 
white fait above-mentioned was formed. A little 
remained unabforbed, and tranfparent, but upon 
the admiffion of common air to it, it inflantly be- 
came white. 

Oil of vitriol , alfo formed a white fait with alka¬ 
line air, and this did not rife in white fumes. 

Marine acid air, as I have obferved, extin- 
o-uilhes a candle. Alkaline air, on the contrary, 
I was furprized to find, is nightly inflammable; 
which, however, feems to confirm the opinion 
of chemifts, that the volatile alkali contains phlo- 
gifton. 
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I dipped a lighted candle into a tall cylindrical 
Veffel filled with alkaline air, when it went out 
three or four times fucceflively j but at each time 
the flame was confiderably enlarged, by the addi¬ 
tion of another flame, of a pale yellow colour; 
and at the laft time this light flame defcended 
from the top of the veffel to the bottom. At an¬ 
other time, upon prefenting a lighted candle to the 
mouth of the fame veffel, filled with the fame kind 
of air; the yellowifh flame afcended two inches 
higher than the flame of the candle. The ele&ric 
fpark taken in alkaline air is red, as it is in com¬ 
mon inflammable air. 

Though alkaline air be inflammable, it appear¬ 
ed, by the following experiment, to be heavier 
than the common inflammable air, as well as to 
contraft no union with it. Into a veflel contain¬ 
ing a quantity of inflammable air, I put half as 
much alkaline air, and then about the fame quantity 
of marine acid air. Thefe immediately formed a white 
cloud, but it did not rife within the fpace that was 
occupied by the inflammable air; fo that this lat¬ 
ter had kept its place above the alkaline air, and 
had not mixed with it. 

That alkaline air is lighter than acid air is evi¬ 
dent from the appearances that attend the mixture, 
which are indeed very beautiful. When acid air 
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is introduced into a veflH containing alkaline air, 
the white cloud which they form appears at the 
bottom only, and afcends gradually. But when 
the alkaline air is put to the acid, the whole be¬ 
comes immediately cloudy, quite to the top of the 
veflfel. 

In the laft place, I fhallobferve that alkaline air* 
as well as acid, difiblves ice as fall as a hot fire can 
do it. This was tried when both the kinds of air, 
and every inftrument made ufe of in the experi¬ 
ment, had been expofed to a pretty intenfe froft 
feveral hours. In both cafes, alfo, the water into 
which the ice was melted diffolved more ice, to a 
confiderable quantity. 
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SECTION III. 

Of the Mixture of all the Kinds of Acid Air with 
Alkaline Air . 

T HAT the fluor acid air faturates the fame quan¬ 
tity of alkaline air with vitriolic acid air, ap¬ 
peared in a courfe of experiments not made with this 
particular view, but defigned to afcertain the quantity 
of acid in all the kinds of acid air. I firft thought of 
attempting this by finding what quantity of water, 
tinged blue with the juice of turnfole, an equal 
quantity of each of the kinds of air would turn red. 
But it could not have been determined with fo 
much accuracy in this way, at lead; not fo vifibly y 
and demonftrably, as by the faturation of them 
with alkaline air j diminution of bulk being a thing 
eafily meafured. The refult of thefe experiments 
is, in feveral refpeCts, rather extraordinary; being 
fuch as, I imagine, no perfon would have con¬ 
jectured a priori. At leaft it was contrary to my 
expectations. As I made thefe experiments in two 
different ways, and the refults, though agreeing in 

general. 
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general, differ a little, it may be proper to recite 
the particulars of both. 

In order to determine what quantity of acid and 
alkaline air would faturate one another, I firff: filled 
a glafs jar with quickfilver, and put into one mea¬ 
fure (which was about an ounce meafure and a 
half) of alkaline air, and then the fame quantity (be¬ 
ing from the very fame phial) of marine acid air ; 
when the whole of both very nearly difappeared, a 
quantity of fal ammoniac being formed. I then 
threw into the fame jar another meafure of marine 
acid air, and obferved that it occupied about one 
fixth lefs fpace than the original meafure of alkaline 
air; fb that a little more of the acid than of the al¬ 
kaline air had difappeared. I then threw in the 
fame meafure of each of the kinds of air alternately, 
dll I had, in all, five meafures of each; after which 
hardly any air remained, except what was not ab- 
forbed by water, which was about a fourth part of 
the original meafure, and was very little different 
from common air j two meafures of it and one of 
nitrous air occupying the fpace of one meafure and 
a quarter. Upon die whole, therefore, it may fafely 
be concluded from this experiment, that equal 
quantities of thefe two kinds of air faturate one an¬ 
other* 
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When I put a meafure of vitriolic acid air to the 
alkaline air, I found that a given quantity of the lat¬ 
ter was faturated, as nearly as I could judge, by 
half as much of the former. For when they were 
mixed in that proportion, the whole quantity of 
both kinds of air entirely difappeared. It was in 
making this experiment, always throwing in two 
meafures of alkaline air for one of the vitriolic, that 
I got the thick yellow coating of the infide of the jar 
mentioned above, and which became white by being 
expofed to the open air. 

Making the experiment in the fame manner, I 
alfo found that a meafure of alkaline air was com¬ 
pletely faturated by half a meafure of fiuor acid air y 
fo that both intirely difappeared. In this remark¬ 
able circumflance the fiuor acid air and vitroilic acid 
air perfectly agree; which appeared to me to afford a 
very ftrong argument of their ultimate identity. 

Having put one meafure of fixed air to one of al¬ 
kaline air, the quickfilver rofe to half a meafure; 
and when I introduced another meafure of fixed air, 
no more was abforbed; and water being admitted 
to it, imbibed almoft all the remainder ; fo that 
half a meafure of fixed air had faturated a whole 
meafure of alkaline air. But the union of thefe two 
kinds of air is not effected fo quickly as in the other 
cafes j otherwife the whole of the alkaline air mull 
have difappeared, when half the quantity of fixed 
Vol.II. Cc 
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air had been admitted to it. Afterwards, making 
this mixture very gradually, one third of the quan¬ 
tity of fixed air faturated almoft the whole of the al- 

kaline air. . 

Laftly, I filled the vefiel in which I had meaiured 

the preceding kinds of air, with red vapour of [pint 
of nitre, and put to it an equal quantity, and one 
fourth more, of alkaline air; when it immediately 
became very turbid and white, and the quickfilver 
rofe wkhin the vefifel. Then filling the fame phial 
again with the red vapour, as nearly as 1 could in 
the fame manner, and admitting water to it, one 
fourth of the contents of the phial was abforbed. 
This, therefore, rnuft have been the fpace that 
would have been occupied by the pure nitrous va~ 
pour, if there had been no common air mixed with 
it. Confequently one meafure of nitrous vapour, 
in fad, faturated about five meafuresof alkaline air. 
But there is a confiderable degree of uncertainty with 
refped to the real quantity of nitrous vapour in a. 
phial that is feemingly filled with it. 

In the next fet of experiments, without taking 
equal meafures both of alkaline and of tire feveral 
kinds of acid air, I took equal meafures of the acid 
airs only i and having a large jar of alkaline air, I 
endeavoured to find how much of it equal quantities 
of the feveral acid airs would kturate. The vef- 
fel, which in all thefe cafes I filled with acid air, 

contained 
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contained an ounce meafure and one fixth, and the 
diminution of bulk in the jar of alkaline air (which 
was carefully filled a hew in all the trials) by the 
Jeveral kinds of acid air was, as nearly as poffible, in 
the following proportion: 

A meafure of fiuor acid air, 1 j 
abforbed of the alkaline air ) * 1 

--—vitriolic a 

•-i-—marine 1* 

- - —fixed air is 

Had I mixed the fixed air very (lowly, as in one of 
the cafes of the preceding fet of experiments, more of 
the alkaline air would probably have been faturated 
with it. 

I would obferve alfo, that, in one refpeft, this 
latter method of making the experiments, is lefs 
accurate than the other 5 as I did not make allow¬ 
ance for the different degrees of dilatation of the air 
above the quickfilver by the weight of the quick- 
filver in the jar above the level of the quickfilver 
without the jar. But to have avoided this inaccu¬ 
racy, I muff have had a deeper vefiel, and more 
quickfilver than I happened to have at hand. But 
foe refults of the experiments, in both the methods 
^f making them, agree fo very nearly, that I have 
Cc 2 little 
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little doubt but that the conclufions may be fuffi, 
ciently depended upon. 

That vitriolic acid air fhould faturate more alka¬ 
line air than marine acid air can do, is agreeable 
enough to the obfervation of the quantities of wa¬ 
ter they refpe&ively faturate; the difference between 
them, though much greater in this cafe, being in 
thefame way as in the other. For an equal quantity 
of water will imbibe ten times as much marine acid 
air as of vitriolic. AVater will alfo take little more 
than its bulk of fixed air; fo that a given quantity 
of alkaline air ought, for the fame reafon, to take 
lefs of this, than of any other kind of acid air, 
which agrees with the experiment. And yet, con- 
fidering the apparent firength of the acids, one 
would imagine that the vitriolic, which, in this 
form, is weaker than the marine, fhould faturate 
lefs of the alkaline air; and again that the fixed air, 
being the weakeft of all the acids, fhould faturate 
the leaft quantity of alkaline air. But the former 
view, in which the experiments do not appear at 
all extraordinary, is, in fail, more agreeable to the 
analogy of the iaturation of water with thefe acids; 
and the difference in the proportion abforbed of 
each of them, correfponds to the difference of the 
fpecific gravities of water and air. Eut I did not 
%e the fubjed in this light a priori. 
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SECTION IV. 

Of the eleliric Spark in Alkaline Air, and its Cornier- 
fion into inflammable Air. 

I Took the eletftric explofion in a fmall quan¬ 
tity of alkaline air , and obferved, that every 
ftroke added confiderably to the quantity of air; 
and when water was admitted to it, juft fo much 
remained unabforbed as had been added by the ex- 
plofions. I then took about an hundred explofions 
of the fame jar, in a larger quantity of alkaline air ; 
after which, fo much of it remained unabforbed by 
water, that I could examine it with the greateft cer¬ 
tainty. It neither affeCted common air, nor was 
affe&ed by nitrous air, and was as ftrongly inflam¬ 
mable as any air that I had ever procured. 

In the next place, I afcertained the quantity of 
inflammable air that may be produced from any 
given quantity of alkaline air. And this production 
having its limits, certainly fliews that the alkaline 
air fupplies fome eflential part in the conftitution 
of it. 
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To take my meafures with more accuracy, I, at 
this time, confined the alkaline air in a glafs tube, 
of the fame dimenfions throughout; and having it 
confined, as it neceflarily mull be, by quickfilver^ 
I carefully marked the fpace which it occupied in 
the tube. I then took the ele&ric fpark, or explo- 
fion, which ever of them happened to be the moft 
convenient, till I perceived that no more addition 
was made to the quantity of air ; and then meafur- 
ing the fpace which it occupied, I found that the 
whole was, as nearly as poflible, three times as much 
as that which the alkaline air alone had occupied. 
When I examined this air, I found it to have an in¬ 
flammability of the ftrongeft kind, firing with ex- 
plofions, and in no refpeft to be diltinguifhed from 
that which is extracted from metals by acids, Alfo 
the ele&ric fpark taken in this air was always red, 
though, as is alfo the cafe with other inflammable 
air, it was white in the centre of any confiderabl? 
exploflon taken in it. 

After this experiment it flill remained a doubt 
whether^ when the prccefs was completed, there 
did not remain, at leaft, fome portion of alkaline 
air not affefled by it, and capable of being abforbed 
by water afterwards. To determine this, and like- 
wife to repeat fo important" an experiment upon a 
larger fcale, I began with one third of an ounc$ 
meafure of^lkaline air, and I took the ele&ric fpark 
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an it till I had got a complete ounce meafure of air. 
Then admitting a little water to it, I obferved with 
the greateft attention, but could not perceive that 
any part of the air was abforbed by it. However, 
when I had made this air explode, by means of the 
flame of a candle, and immediately after applied my 
noftrils to the mouth of the veflel in which it bad 
been contained, I perceived a very evident alkaline 
fmell; fo that the whole of the volatile alkali had 
not been completely incorporated with this air, 
though it was fo much fo, as not to be feized by 
the water. And to give it a fairer trial, this water 
had been confined along with the air, upon the 
quickfilver, and had been even frequently agitated 
with it, during two whole days; and though it was 
but a very fmall quantity, it had no perceivable al¬ 
kaline fmell afterwards. 

When I refledted upon this change of the alka¬ 
line air by the eledtric explofion, I confidered that it 
might be produced either by electricity as Juch , or 
by the light , or the heat , which accompany the ex¬ 
periment. In order to try the effedt of light, I ex- 
pofed a fmall quantity of alkaline air to a ftrong light 
made by a burning lens, for feveral hours. But 
this made no fenfible change in the quantity of it. 
I therefore concluded that the proper agent in this 
procefs was not light. 
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I did not immediately proceed to try the effedt of 
heat, but obferved it by accident fome time after¬ 
wards, in the following manner. At the time 
that I was reviving metals in inflammable and al¬ 
kaline air, I put a quantity of ochre into the latter, 
expe&ing to revive it in the form of iron j and in 
this I feemed to fucceed, as the ochre became black 
in the courfe of the procefs. But what ftruck me 
the moft was, diat inftead of perceiving the quan¬ 
tity of air to decreafe, as I had expedted, there was 
very foon a vifible increafe of it. Examining the 
air, I found it to contain no fixed air, and to be all 
ftrongly inflammable. 

Still attending to other circumflances befides the 
change of the alkaline air, I proceeded to heat in it 
fcales of iron, and iron itfelf, of different kinds, and 
ftill found that the air was increafed in quantity, and 
changed in its quality. But in this way I could 
never increafe the bulk of the air more than twice, 
and feldom quite fo much. Alfo, after the pro¬ 
cefs, when I could make no farther change in the 
air, I frill perceived a very ftrong fmell of volatile 
alkali. The iron had undergone no change that I 
could difeover, fo that I concluded that the air had 
been affedted by means of heat only. 

To afeertain this, I then proceeded to heat in the 
alkaline air bits of dry crucibles, or of earthen re¬ 
torts, which had been juft before expofed to very 
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great heats, fo that they could not be fuppofed to 
give out any air in this procefs, and therefore could 
only ferve to produce a ftrong heat in the alkaline 
air. The refult feemed to confirm my fuppofition. 
For in thefe experiments with earthy fubftanccs 
the effeCt was always the fame as when I had made 
ufe of ochre or iron. The air was increafed in 
bulk, but the quantity not quite doubled, and it 
was become inflammable. 

The bits of white earthen ware having always 
become black in this procefs, I fufpeCted that this 
kind of fubftance might have affeCted the air in 
fome other way than by merely communicating 
heat to it. To try this, I ufed the fame fmall bit 
of crucible again and again, and finding die fame 
effecSt from heating it at the laft, as at the firft, I 
could not help concluding that the change pro¬ 
duced in the air had been effected by means of 
heat only. 

In all thefe experiments, however, there was a 
ftrong light as well as an intenfe heat concerned. 
In order to afcertain, therefore, whether the light, 
at leaft in conjunction with heat, might not have 
had fome effed in this change of the air, I heat¬ 
ed a quantity of it in a coated green glafs retort. 
The mouth of the retort was plunged in a bafon 
of mercury, and I received in a glafs tube filled 
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with water all the air that was driven out of the 
retort by heat. At firft i't was all abforbed by 
the waters being merely alkaline air expelled by 
rarefadtion. But when I concluded that the bulb 
of the retort was become red hot, the bubbles that 
were driven out were not wholly abforbed by wa¬ 
ter, and by degrees no part of them was abforbed. 
This air I examined, and found it to be inflam¬ 
mable. The retort was melted in the proccfs, fo 
that I could not examine the air that remained in 
it} but my purpofe was fufficiently anfwered, as 
I faw no room to doubt, but that the change of 
the alkaline into inflammable air was produced by 
mere beat , without the aid of light, if a red heat 
can be fo termed. How the heat operates in this 
cafe I cannot tell. 

It was obfervable, that whenever I changed al¬ 
kaline air into inflammable, by heating in it bits 
of crucibles or retorts, into the compofition of which 
tiay enters, they always became black. There was 
room, therefore, to fuppofe that it was not by 
means of mere heat that this change was made, but 
that fomething might be deposited from the air, 
v/hich might attach itfelf to the clay. Indeed, if 
this was not the cafe, I do not fee why the clay 
Ihould become black; though, perhaps, part of 
the fame phlogifton which forms the inflammable 

air 
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air may be attracted by the red hot clay, with¬ 
out there being any proper decompofition of the 
air. 

That this is the cafe, feems probable from an 
experiment in which I ufed white porcelain, in- 
ftead of bits of earthen ware, into the compofition 
of which clay enters. For this fubftance did not 
become black in the procefs, and yet inflammable 
air was produced. But I muft obferve, that a con- 
fiderable time was requifite to produce this effeft 
in thefe circumftances, and that it was not much, 
inflammable air - that I was able to procure in this 
way. It was, however, in winter, and the heat 
that I could apply was not great. 

Alkaline air is converted into inflammable air 
by making it pais through a red hot earthen tube, 
as well as by the eledtric fpark, but by no means, 
I think, in fo great a degree. I put two ounces 
and ten pennyweights of water, pretty ftrongly im¬ 
pregnated with alkaline air, into the retort, and 
heating it, fent the vapour through the hot tube; 
when I collected two ounces three pennyweights 
of liquor, which had a difagreeable empyreumatic 
fmell, as well as that of volatile alkali; and it 
was quite opake with a black matter which 
fubfided to the bottom of the veflfeL Allq 
the tube through which the air and vapour 
had been conveyed was left quite black; Y 
5 One 
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One of the jundures in the apparatus not having 
been air tight, I did not colled: all the air; but 
it came only at the beginning of the procefs, and 
before the tube became black, or any liquor was 
diftilled i and it was all ftrongly inflammable. 


SECTION V. 

The Analyfis of Alkaline Air. 

r I ^ H AT alkaline air contains phlogifton appears 
both by the calces of metals being revived in 
it, and by its being converted into a Ipecies of in¬ 
flammable air, by the eledric explofion, and other 
procefles. By the following experiments it feems 
to contain lefs phlogifton than an equal bulk of 
inflammable air from iron, and about one fourth 
of its bulk of phlogifticated air. But it is not pof- 
flble to afeertain this with perfed exadnefs, from 
the nature of the procefles. I Ihall therefore recite 
the experiments in the order in which they were 
made, fome of them being more, and others lefs 
accurate. 
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I firft obferved that fome majjicot , which I uled 
in fome of thefe experiments, contained a portion 
of fixed air, which could be expelled from it by 
heat; but when I melted it in alkaline air, by 
which means the lead was always revived, I found 
no fixed air in the refiduum, but only pure phlo- 
gifticated air. This, however, is eafily accounted 
for, as the alkaline air would immediately unite 
with any fixed air that ftiould be fet loofe in the 
procefs. 

With refpcdt to the quantity of lead revived in 
alkaline air, it is difficult to be afcertained, on two 
accounts. In the firft place, fome of the calx is 
blackened, and imperfectly revived; and again, if 
particular care be not taken, die lead that is revived 
will be difTolved in die mercury, by which the air 
muft neceftarily be confined. To prevent this laft 
inconvenience, I put the powdered maflicot into 
fmall earthen cups, which I contrived to place with 
their mouths upwards, fo that when the lead was 
revived, by means of a burning lens, it would re¬ 
main in the cup, and not mix widi the mercury 
by which it was fupported. On thefe accounts, 
however, the largeft quantity of lead that was re¬ 
vived muft always be confidered as neareft the 
truth. 

In three ounce meafures of alkaline air, I firft 
revived fix grains of lead, then in three ounces and 

a half 
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a half fixteen grains, in two ounces and a half 
thirteen grains, and in three ounces three fourths 
twelve grains. In five ounce meafures I revived 
ten grains, befides blackening a quantity of it, 
and there remained one ounce meafure of phlo¬ 
gifticated air. But the experiment which I made 
with the moft care, and on which I place the great- 
eft dependence, was the following. 

In feven ounce meafures and a half of alkaline 
air, I revived twenty fix grains and a half of lead, 
and there remained two ounce meafures and a half 
of phlogifticated air. In this proportion ioo ounce 
meafures of alkaline air would revive 352 grains 
of lead; whereas 100 ounce meafures of inflam¬ 
mable air from iron would revive 480 grains of 
lead. But alkaline air is refolvable into confider- 
ably more than twice its bulk of inflammable air, 
and therefore it might have been expedited that it 
would have revived much more lead. Would it 
not, therefore follow from this, that phlogifticated 
air contains a very great quantity of phlogifton, 
many times more than an equal bulk of pure in¬ 
flammable air. Suppofing alkaline air to be re¬ 
folvable into no more than twice its bulk of in¬ 
flammable air, a hundred ounce meafures of it 
ought to revive 960 grains of lead. But in the 
proportion mentioned above, it would revive no 
more than 608 grains. As much phlogifton, there¬ 
fore, 
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fore, as would revive 342 grains of lead (which is 
the difference between thefe two numbers) fhould 
be contained in about twenty five ounce meafures 
of plilogiflicated air. Confequently a hundred 
ounce meafures of phlogiflicated air would revive 
1368 grains of lead, which is more than twice as 
much as an equal quantity of pure inflammable 
air would revive. It mull, however, be confidered, 
that the inflammable air, into which alkaline air is 
refolvable, is not the fame with that which is pro¬ 
cured from iron, and may contain much lefs phlo- 
gifton. 

To thefe experiments, on the revival of lead 
in alkaline air, I fhall fubjoin an account of fome 
that were made with other calces, heating them all, 
when confined by this air, by means of a burning 
lens. 

Glafs of antimony abforbed a part of the alka¬ 
line air, and there was the appearance of metal 
in feveral fmall globules, whereas I could get no 
fuch appearance from the fame fubflance in inflam¬ 
mable air. 

By heating fcales of iron in alkaline air, it was 
much increafed in quantity, and then I found it to 
contain no fixed air, but the whole was flrongly 
inflammable. No water was produced in this pro- 
cefs. The iron was revived, being perfectly lblu- 
ble in diluted oil of vitriol; and from being twenty 

four 
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four grains had loft one grain in weight. It is 
evident from this experiment, that there is water 
in alkaline air. 

As alkaline air evidently contains phlogifton, and 
as fuch was capable of reviving lead, and no doubt 
the other metals, I had the curiofity to make ufe 
of it in other circumftances in which I had before 
ufed inflammable airj and among other things I 
tried the effect of heating red precipitate in it. 
The confequence was, that the mercury was re¬ 
vived, and at the fame time a confiderable quan¬ 
tity of water was produced. It has even run down 
in drops in the infide of a veflel which contained 
about five ounce meafures of the air. The air 
which remained after this procefs was about half 
as much as the original quantity of alkaline air, 
and it had in it a quantity of undecompofed de- 
phlogifticated air. For with two equal meafures 
of nitrous air, the ftandard of it was 1.4, and there 
was nothing inflammable in it. 

Again, I threw the focus of the lens upon red 
precipitate, in alkaline air, till three meafures of 
it were reduced to two. Water was produced in 
the procefs, and the air that remained was con- 
fiderably dephlogifticated; the ftandard of it, with 
a mixture of two equal meafures of nitrous air, 
being 1.7. 


But 
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But in another experiment of this kind, there 
muft have been a quantity of inflammable air fet 
loofe from the alkaline air, as well as dephlogifti_ 
cated air from the red precipitate; becaufe, after 
the operation had continued fome time* there was 
a violent explofion within the veffel; which threw 
it many feet perpendicularly into the open air, as 
I was holding it in my hands. In this experiment 
I had been particularly careful to make every thing 
concerned in it as dry as I poflibly could, in order 
to fatisfy myfelf with refpedt to the production of 
the water which I had found before; and there 
was time enough before the explofion to obferve 
that water was certainly produced in the procefs. 

To appearance the quantity of air was never much 
diminifhed. 

That water Ihould be produced when the fcales 
of iron are heated in alkaline air, which I found to 
be the cafe, is not extraordinaiy, as the fame is 
found on heating this fubftance in inflammable air; 
and it appears to contain within itlelf the water 
that is expelled from it. 

In this cafe it muft have come, in part from 
the alkaline air, which I have obferved, certainly 
contains it, and in part from the precipitate; and 
hnce it is capable of yielding dephlogifticated air 
by heat, it muft contain water, which enters in a 
great proportion into this kind of air» 

Vol. If, Dd 


BOOK 



402 


MISCELLANEOUS 


Book VII 


BOOK VII. 

MISCELLANEOUS EXPERIMENTS AND OB¬ 
SERVATIONS RELATING TO AIR. 


SECTION I. 

Of the Aerial Form of Suhflances . 

T HOUGH, fince the accidental difcovery of 
the marine acid air y I have purpofely fought 
for others, and not without fuccefs, having found 
feveral other kinds of acid air, befides the alkaline 
principle, which I have alfo been able to exhibit in 
the fame form, free from any combination with 
water, I by no means conclude that I have dif- 
covered a//the kinds of air that may exift in nature; 
or, in other words, all the kinds of fubftances, Am¬ 
ple, or compound, that are capable of being re¬ 
duced 
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duced to a dry and permanently elaftic vapour. 
For I believe there is no fubftance in nature but 
what is capable of afliiming that form, in a certain 
degree of heat. And though my experience in thefe 
matters might enable me to judge pretty well a 
priori what fubftances are likely to yield air, and 
of what kind it will be, I have frequently been 
exceedingly difappointed in my expectations in this 
refpect; and I have referved for this place the men¬ 
tion of feveral fubftances, and combinations of fub¬ 
ftances, which* in general, contrary to my expecta¬ 
tions, though not always fo, yield no air that I can 
difcover j and I fhall be glad to be informed. by 
any perfon why they do not. 

1. Having expelled a permanently elaftic fluid, 
to which I give the name of air , from fpirit of fait, 
volatile fpirit of fal ammoniac, and other fluids, I 
took it for granted, that from radical vinegar , which 
is die pure vegetable acid, in its ftate of greateft con¬ 
centration, I Ihould have got a true vegetable acid 
air; but it certainly yields no fuch thing by the 
application of heat only. Though radical vinegar 
yields air by the diflfolution of fome metallic fub¬ 
ftances, I could not make it give any air by the 
help of any other fubftances containing phlogifton, 
which is the cafe with oil of vitriol; and I gave 
it, for this purpofe, a boiling heat, with all the 
fubftances following, viz. copper, quickjilver, bif- 
Dd 2 muth, 
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muthy charcoal , oil of turpentine, fpirit of wine, and 
liver of fulpbur , which laft, however, yielded a little 
fixed air; but this mull have been contained in 
it before. 

2. I was hardly ever more furprized than when 
I found that I could get little or no air from the 
Jmoking liquor of LahavtuSi though the fume ifiuing 
from it is lo exceedingly denle. I heated a con- 
fiderable quantity of this liquor prepared by Mr. 
Woulfe, and which he obligingly brought me for 
the fake of the experiment. Which he himfelf fug- 
gefted, as not likely to fail. This I did in a glafs 
phial with a ground ftopper, intending to receive 
the produce in quickfilver. But little or nothing 
came over, befides the common air which had 
lodged in the top of the phial, and which appeared 
not to have been in the lead injured after the ex¬ 
periment. A very firrall part, however, of what 
came over, feemed to be abforbed by water; and 
alfo when, in the prefence of Mr. Woulfe, I en¬ 
deavoured to convey the air that might be expelled 
from this liquor into a quantity of alkaline air, a 
(light degree of whitenefs was produced. But both 
thefe effe&s might have been occafioned by a 
little redundant fpirit of fait contained in this li¬ 
quor. 

3. I have not yet been able to combine either 
the fixed or the volatile alkali, with any fubftance 

whatever. 
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whatever, fo as to form a permanent air, though 
the alkaline principle itfelf may be exhibited in that 
form. Some fails had been mentioned to me by 
Mr. Woulfe, which led us both to conclude, that 
air might be procured from it by means of a folu- 
tion of iron. But when, in confequence of this 
hint, I endeavoured to procure air from iron by 
means of the alkalis, the experiments which I made 
for this purpofe did not fucceed. I boiled a quan¬ 
tity of very fine iron wire in cauftic fixed alkali, 
after finding that nothing could be produced from 
it without heat j and I put another quantity of the 
fame wire into a ftrong volatile fpirit of fal am¬ 
moniac, and alfo let fome of it remain about a 
month in alkaline air j but in all thefe cafes, with¬ 
out any vifible effect. At the end of the laft- 
mentioned procefs, water being admitted to the 
air, abforbed the whole of it inftantly, which fhewed 
that it was perfectly pure, and had got nothing 
from the iron. Alfo, no air was produced from 
liver of fulphur, dry or moift, in alkaline air j and 
they continued together almoft two days. 

4. I expe&ed to haye expelled fome kind of air 
(and at that time thought it not impofiible but it 
might be even phlogifton itfelf in the form of air) 
from fpirit of wine. But, like water, it was only 
converted by heat into vapour, which was con- 
D d 3 denfed 
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denfed again in the cool recipient. The addition 
of camphor to it produced no other effect. 

5. I was not without hopes, at one time, that 
the matter of the odoriferous parliclesy which affeft 
the fenfe of fmell, might have been exhibited in 
the form of permanent air, as well as the exhala¬ 
tions of acid or alkaline fubftances j but though I 
made the experiment with feveral odoriferous fub¬ 
ftances, fome grateful, and others offenfive to the 
jioftrils, it has hitherto been without any effe6t. 

I moft fincerely wilh that the reafon of thefe 
phenomena may be fully inveftigated, as fuch an 
inveftigation, if fuccefsful, would probably carry 
us a good way into the knowledge of the ultimate 
conftitution of natural bodies, and help us to ex¬ 
plain fopae of the moft fundamental laws refpe&ing 
them. Hitherto I do not find that this fubjett has 
even been thought of by philofophers. 


SEC- 



SeB. IT. 


OBSERVATIONS ON AIR. 


407 


SECTION II. 

Experiments relating to the feeming Converfion of 
IVater into Air *. 

S INCE many perfons have expreffed a wifli to 
be acquainted with the experiments I have 
lately made, which at firft feemed to favour the 
idea of a converfion of water into air y but which ter¬ 
minated in the difcovery of a fad, in my opinion, 
ft ill more extraordinary, 1 lliall fubmit to die Royal 
Society the refult of the observations I have al¬ 
ready made ; though, as yet, I have by no means 
been able to fatisfy myfelf fo fully as I could wifh 
with refped to fome particulars connected with 
the fubjed. All the fatts which I lliall ftate may 
be depended upon; but it is probable, that different 
perfons may draw different conclufons from them - y 
and to lfiere opinions , I have never Ihewed myfelf 
much attached. 

* This fedtion is taken from the Philofophicul Tranfadiions, 

vol. lxxiii. p. 414. 
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Having formerly obferved feveral remarkable 
changes in fluid fubftances, in confequence of long 
expofure to heat in glafs veffels hermetically fealed, 
I then formed a defign of expofing all kinds of folid 
fubftances to great heats, in a fimilar ftate of con¬ 
finement; and for that purpofe provided myfelf 
with a cafl iron veffel, which I could clofe at one 
end, like a digefter, and of fuch a length, that one 
of the ends might be red hot, while the other was 
fufHciently cool to be handled. To this end there was 
a cock connected to a tube, by means of which I could 
let off fleam, or air, in any period of the procefs. 

I imagined, that when fubftances, confifting of 
parts fo volatile as to fly off before they had at¬ 
tained any conflderable degree of heat, in the ufual 
preffure of the atmofphere, were compelled to bear 
great heats under a greater preffure, they might 
afliime new forms, and undergo remarkable changes, 
fimilar to what we may fuppofe to be the iafe 
within the bowels of the earth, where, by means 
of fubterraneous fires, various fubftances bear great 
heats under very great preffures. 

I have had this inftrument fome years; but it 
was fo ill conftru<fted, that I could not make the 
ufe of it that I had originally intended. I there¬ 
fore lately fitted up fome gun barrels in the fame 
manner, and made my firft experiment with lime 

ftone; 
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ftone; expecting that when the fixed air, and other 
volatile matters, that might be contained in it, 
fhould be compelled to bear a red heat, without a 
poffibility of making their efcape, the fubftance it- 
felf might undergo fome change ; but I had no par¬ 
ticular expectation concerning the nature of that 
change. I had, however, been fo often favoured 
with valuable refults, from merely putting things 
into new fituations, that I was encouraged to make 
the experiment ; but I found an unexpected diffi¬ 
culty in getting a cock that would be air-tight, and 
fteam-tight, under fo great a preffure as I wifhed 
to apply. 

I was mentioning thefe ideas to Mr. Watt, in 
whofe neighbourhood I have the happinefs to be 
fituated, when he mentioned a fimilar idea of his, 
viz. that of the poffibility of the converfion of wa¬ 
ter, or fteam, into permanent air; faying, that fome 
appearances in the working of his fire engine had 
led him to expect this. He thought that if fteam 
could be made red hot, fo that all its latent heat 
fhould be converted into fenfible heat, either this or 
fome other change would probably take place in its 
conftitution. The idea was new to me, and led me 
to attend more particularly to my former projects of 
a fimilar nature, and I began with lime ftone, wifh- 
ing to try the effect of giving a red heat to lime, in 
which water only fhould be previoufiy combined, 

thinking 
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thinking it might poffibly have the fame effect -with 
making the water itfelf red hot. 

Accordingly, I took a quantity of well calcined 
lime, and mixing with it a little water, out of 
which all air had been carefully boiled, I expofed it 
gradually to a ftrong heat in an earthen retort, fuch 
as I had been ufually fupplied with by Mr. Wedg¬ 
wood (who is as much diftinguifhed by his love, 
and generous encouragement, of fcience, as he is by 
his improvements in his own curious art) not imagin¬ 
ing that it could make any difference whether the 
lime, fo prepared, fhould receive its heat in an 
earthen retort, or in a veffel of iron or glafs. Pro¬ 
ceeding, however, in this manner, I found that 
nothing came over in the form of ft earn 3 but that 
there was a great quantity of air 3 feveral hundred 
times more than the bulk of the water, and at that 
time there was in it a confiderable proportion of 
fixed air, which I imagined might either be that 
which had not been fufEciently expelled before, or 
might be compofed of fome phlogiftic matter con¬ 
tained in the lime, and the purer air that was yielded 
by the water. For I own I then concluded, that 
the air which I got (and which, when the fixed air 
was extracted from it, was fuch as a candle would 
juft burn in) came from the water, efpecially as in 
fome of the proceffes, the weight of the air I caught 
was very nearly, if not quite equal to that of the 

water. 
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water, and interpofing a large gl'afs balloon between 
the retort and the recipient for the air, I obferved 
that it remained perfectly cool and dry during the 
whole procefs; and feveral hours afterwards there 
was not the leaft moifture condenfed in it. I alfo 
received a quantity of another produce of air, made 
in this manner in mercury, and having viewed it 
with the greateft attention, obferved that, after fe¬ 
veral days, it never depofited the leaft moifture. 

I then calcined a quantity of natural lime ftone, 
with this glafs balloon interpofed in the fame man¬ 
ner, and found no water, but only air to come from 
it, though the ftone is generally fuppofed to con¬ 
tain water. But when I ufed much more than half an 
ounce of water to the quantity of whiting or lime 
above mentioned, I always had fbme water come 
over, though very little in proportion to the quan¬ 
tity made ufe of. 

T did not fail to examine whether there had been 
any lofs in the weight of the lime, or whiting, in 
order to determine whether any part of thefe folid 
fubftances had entered into the compofition of the 
air; but I found much difficulty in weighing them 
with exa£tnefs, after fhaking them out of an earthen 
retort, into which I could not fee, and to which 
part of thefe earthy matters often adhered, fo that I 
could not obtain much fatisfa&ion even when I 

broke 
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broke the retort. Befides, there was always fome 
lofs of the earth in the cloudinefs of the air, when¬ 
ever the production of it was rapid. In a future 
procefs I had abundant proof that the air did not 
come from any earthy matter with which the water 
had been combined. 

Hitherto I had no idea but that all that was ne- 
ceflary to the converfion, as I concluded it to be, of 
water into air, was to give it a red heat, without 
which it would not quit the calcareous earth ; and 
I imagined that by this means the matter, or prin¬ 
ciple, of heat was fo intimately combined with it, as 
not to be feparated from it by cooling, as in the 
cafe of (team. But I, as well as all my friends, was 
a long time utterly difconcerted upon finding that 
when I put the whiting and water into a coated glafs 
retort, the water came over in the form of fteam, 
and little or no air was produced. The refult was 
alfo the fame when I made the procefs in a gun bar¬ 
rel, in a porcelain retort, or even in an earthen re-< 
tort glazed in the infide. 

That the earth had not loft its property of doing 
its part in the bufmefs, I found by putting more 
water to the fame whiting which had failed in the 
glafs retort, and which had been ufed no lefs than 
four times before, and then heating it in an earthen 
retort j when again it gave air only, and no water, 
1 the 
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die fame as before. And at this time I obferved, 
that part of the air was hardly to be diftinguifhed 
from that of the atmofphere. 

I cannot exprefs my furprife at my unexpedted 
failure with the glafs retort; and my fpeculations 
on the fubjedt were various, but at that time altoge¬ 
ther ineffectual. Among other things it occurred 
to me that, poflibly, fome phlogifton, either con¬ 
tained in the earthen retort, or coming through it 
(though I could not tell how , or on what principle) 
from the fire, might be neceflary to water, and all 
other fubftances affuming the form of air. But 
when, with this idea, I put fpirit of wine, oil, or 
iron filings to the lime, I got nothing from thefe 
mixtures in glafs retorts befides fteam and inflam¬ 
mable air, from the decompofition of thefe fub¬ 
ftances containing phlogifton. 

That there was nothing in the materials of which 
the earthen retort was made, that neceflfarily produced 
the air, was evident from my not fucceeding when 
I pounded a broken retort, and heated it, mixed 
with water, in one of glafs. 

Being fatisfied that the produ&ion of air depended 
very much upon the retort itfelf, I thought of ufing 
the retort only with water, but without any lime, 
or earthy fubftance ; and I found it fucceed far be¬ 
yond my expectation. For when I put a fmall 
quantity of water into one of thefe retorts, and en¬ 
deavoured 
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deavoured to diftil it gently, I never failed to pro¬ 
cure about an hundred ounce meafures of air j and 
this I could do as often as I pleafed, with the fame 
retort, and without its lofing any weight j and the 
air produced in this manner never had any portion 
of fixed air in it, and was always but very little in¬ 
ferior to that of the atmofphere. 

In all thefe procefifes I obferved, that very little 
of this air was procured till all the water that could 
be poured out of the retort was evaporated, for the 
difference in the produce was very little, whether I 
expofed the retort to the fire quite full of water, or 
with only about an ounce meafure of water in it, or 
even after letting it remain full for a fhort time, and 
then pouring out all that I could from it j fo that it 
was only that water which was entangled, as it 
were, in the pores of the retort, and which had been 
in fome meafure united to the fubftance of it, that 
had contributed to this production of air. 

Thefe retorts (which Mr. Wedgwood informs 
me are made of a mixture of frefh and of burnt De- 
vonfhire pipe clay) are pervious to water, though 
not to air; fo that while the air is produced from 
that water which has entered the pores, the reft is 
fometimes vifibly making its efcape in the form of 
a copious fmoke on the outfide. It was evidently 
impoffible, however, as I then thought, and contrary 
to all the laws of hydroftatics, that air fhould enter by 
5 the 





/. OBSERVATIONS ON AIR. 

the fame pores by which the water or fleam was efcap- 
ing, and at the fame time that its endeavour to force its 
way out of the retort was fuch that it overcame a con- 
fiderable refiftance from the column of water, at the 
mouth of my recipients. Air might have ejcaped 
through any unobferved pores in the retort, but 
none could have entered that way; and if there was 
the leaft fenfible crack in any part of die retort, I 
was never able to colled: any air at all*. 

. But the following experiments fhewed, as I thought 
that it is fufficient for the production of air that 
fleam come into contaCt with clay fufficiently heated. 
Between a copper {till and the giafs tube communi¬ 
cating with my recipient for air, I introduced the 
ftem of a tobacco pipe ; and by means of a fmall 
furnace, I kept about three inches of the middle 
part of it moderately red hot. In this {late, making 
the water boil, I uniformly received air, though 
mixed with fleam, at the rate of five ounce meafures 
in twelve minutes for more than an hour; but 
when I let the pipe cool, nothing but fleam was 
delivered by it without any air at all. There was 
no fixed air in this produce, and it was all fuch as a 
candle would hardly have burned in it. It might, I 
thought, have been better, and alfo more in quan- 

* It will appear, however, that the air muft have entered by 
the pores, but by means of a power very different from that of 
tre/fure, and able to counteract it. 

city. 
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tity, if I had not ufed the flem of a foul pipe, But 
when I ufed a clean pipe in the fame manner, I did 
not find die air much, if at all, improved. Suf- 
pecting this to arife from the near contadl of the fuel, 
I inclofed the tobacco pipe in an earthen tube, and 
then I had air as good as I had generally got in the 
earthen retort, and not much worfe than that of 
the atmofphere. 

Another circumftance I obferved was, that if the 
outfide of the veffel which contained the water or 
fleam, through which it pafled, when the requifitc 
heat was applied to it, was not dry, or perhaps 
furrounded with good air (for in thofe circum- 
ftances the following experiment differs from the 
preceding ones) the experiment did not fucceed. 

When I put the ball of an earthen retort, filled 
with moifl clay, into an iron digefler, and applied 
heat to it, I got only a very little fixed air (which 
was probably compofed of a fmall quantity of air 
beginning to be produced from the materials) and 
inflammable air from the veffel. All that came 
over befides was fleam, an^ at lafl inflammable air 
.from the veffel itfelf. 

Being now able to procure air by means of wa¬ 
ter, in this moft Ample method, viz. by water only 
in the earthen retort, I had an opportunity ofafcer- 
taining, with great eafe and exaftnefs, feveral cir- 
cumflances relating to the.procefs, and of obviating, 

as 
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as I thought. Tome objections to the conclufion that 
I had drawn from it. Among other things, I fully 
fatisfied.myfelf that the earth of the retort contributed 
nothing at all to this production of air, but the 
water only: for having ufed the fame retort till I 
had got from it nearly an ounce weight of air, or 800 
ounce meafures, I found that it had not loft fo much 
as a fingle grain in weight. After the firft procels 
it weighed juft three grains more than it did at firft, 
and it continued to weigh the fame till after the laft 
procels. This fmall addition of weight mio-ht 
eafily have come from a little of the water havfoo- 
been imbibed by the neck of the retort, where the 
heat of the fire could not reach it. When all the 
procefles were over, I kept the whole retort in a 
red heat for feveral hours, and then found that, be- 
Tides lofing thofe three grains, it weighed eight o- ra i ns 
lefs than it did at firft. 

Before this I had found, that the calcined whiting 
which I had ufed in the firft experiment, could nor) 
asfome hadfuppofed, attrafl from the atmofphere) 
any confiderable part of the air which I got from it* 
after combining water with it: for two ounces of 
•the whiting (which was the quantity that I generally 
made ufe of) did not attrafi more than eight grains 
of any thing when it was expofed a whole day in an 
open difh, though it had loft more than half its 
weight in calcination. 

Vol.II. Ee T , 
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it had been imagined by Tome, that the air which 
I got in thefe earthen retorts was that which had been 
attracted from the atmofphere by the infide furface 
of them. But, befides that no. air could ever be 
produced without water, to obviate this objection 
more particularly, when one\of thefe retorts was 
giving its laft portion of air, I immerfed the mouth 
of it in a bafon of water and letting it cool in that 
fituation, filled it again without admitting any ac- 
cefs of air to the infide ; and yet, on repeating the 
procefs with it, the air was produced juft as freely 
as before. This operation I repeated feveral times. 
I fit be faid, that the outfide of the retort attracted 
the air, ftill the infide, being compofed of the fame 
materials, muft have attracted air alfoj and it 
would have appeared by the afeent of the water from 
the bafon, the retort being fufficiently impervious to 
air. 

By fome it was imagined, that either the air itfelf 
that I procured, or at leaft the power of the retort 
to contribute to the production of it, was owing to 
fomething that was tranfmitted from . the burning 
coals, but which could not pafs through glafs or me¬ 
tals. To determine this, I took an earthen tube, 
of the fame compofition with the retort, and putting 
a little water in it, placed it, furrounded with fand, 
in a glafs veffel, and this again, furrounded alfo with 
fand, in an iron one ; and yet the heat tranfmitted 
J through 
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through all thefe fubftances, enabled the earthen 
tube to give air, in the fame proportion, and of the 
fame quality, as it would have done if it had been 
expofed to the naked fire. 

Having now procured air, by means of water, in 
a very fimple, and as I thought, an unexception¬ 
able manner, I wifhed to make it in greater quan¬ 
tities, in proportion to the water employed j and 
for this purpofe I firft thought of increafing the fize, 
or the thicknefs of the porous retorts j but I thought 
it might anfwer as well if I put into the retort, in 
powder, the materials of which they were made, or 
other fubftances of the fame kind. 

Accordingly, by mixing ground flint and clay in 
various proportions, I prefently increafed the quan¬ 
tity of air much beyond my expectation. In the 
firft trials, in which I had much flint and a little 
clay, I never failed to get 200 ounce meafures of 
air from one of water. Then, ufing more clay and 
lefs flint, I had ftill more air j and at laft, leaving 
out the flint altogether, and ufing clay only, I never 
failed to get much more than 400, and generally 
between 500 and 600 ounce meafures of air from 
one of water, which was about three fourths of the 
weight of the water ; and in one particular procefs 
I procured very little lefs than nine tenths of the 
weight of the water in air, and this air was never 
much lefs pure than that of the atmofphere, Some- 
E e 2 times 
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times it could not be diftinguilhed from it at all by 
the tell of nitrous air j and once or twice I thought 
it even purer than that of the atmofphere. 

I muft here obferve, that I found it not conve¬ 
nient to put fo much water to any quantity of clay 
as would make it cohere in one mafs, but only 
much as that it fhould remain in the form of pow¬ 
der. By this means it might eafily be poured out 
of the retort when the experiment was over. 

The weight of die water expended in this pro¬ 
duction of air I afcertained, in the moft unexcep¬ 
tionable manner, by weighing the retort, with all 
its contents, before and after the procefs. I lhall 
explain this by the refult of two of the procefies. In 
one of them, the retort and moiftened clay together, 
loll in weight 588 grains, after yielding 741 ounce 
inealures of air, which (in die proportion of fix 
grains to one ounce meafure) would have weighed 
444 grains, and confequendy, about three fourths 
of the weight of the water. 

In the other procefs, the lofs of weight was 358 
grains, after yielding 556 ounce meafures of air, 
which would have weighed 333 grains. The pro¬ 
portion, therefore, between the weight of the air 
and that of the water was n 1 to 116, or nearly 
nine to ten. 

I ailo found now, that fo much heat as I had 
hicherto applied was neither necefiary nor ule- 

fuk 
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ful. In the laft mentioned procefs the retort was 
conftantly fufpended about fix inches above a mo¬ 
derate charcoal fire; at another time more than 
twelve or fifteen inches above it, where a Fahren¬ 
heit’s thermometer did not fhew more than 210°. 
With this moderate heat I got 465 ounce meafures 
in the courfe of about twelve hours. When the re¬ 
tort was fufpended within fix inches of the fire, the 
air was generally produced at the rate of thirty ounce 
meafures in five minutes. But a thermometer, the 
bulb of which was immerfed in the clay, was Hill 
only at the heat of boiling water. 

In all thefe procefies, however, there was evident¬ 
ly fome lofs of water; for, excepting the firft expe¬ 
riment with the lime, I never got the whole weight 
of fhe water in air; and it might be faid that I only 
expelled the air before contained in the water, though 
from thefe experiments it appeared to contain much 
more air than it had been thought capable of con¬ 
taining, To obviate tliis objedion, I contrived to 
catch all the water that efcaped through the pores of 
the retort in the following manner, 

Having put the moiftened clay into an earthen 
tube, to which I had fitted a cock and a long glafs 
tube (by means of which I could colled all the air 
that came from it) I put this within an iron tube, 
which was clofed at die end next the fire, but open 
at the other end, and fo long that I could eafily 
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keep this open, and quite cool, while the other was 
in the fire j confequently, whatever water efcaped 
through the pores of the earthen tube, it would be 
condenfed in the cool part of the iron one. This 
water I carefully collected, and always found that 
the weight of it, together with that of the air pro¬ 
duced in the experiment, was nearly that of the ori¬ 
ginal weight of the water, eftimated by the lofs of 
weight in the earthen tube and its contents. I alfo 
found, that the water fo collected ferved for the pro¬ 
duction of more air, juft as well as any other water 
whatever, fo that there had been no decompofition 
of the water in the cafe. 

In the laft procefs that I went tjirough of this 
kind, the lofs of weight in the earthen tube, or ra¬ 
ther of the water contained in it, was 392 grains; 
the air collected was 173 ounce meafures, which 
would have weighed eighty nine grains, and the wa¬ 
ter which efcaped through the pores of the earthen 
tube, and which I collected, was nearly 195 grains ; 
fo that the air and this water together weighed 302 
grains, or ten grains more than the original water. 
But as I eftimated the weight of the water only by 
the fpace which it occupied in a cylindrical glafg 
tube, divided according to ounces and parts of 
ounces of water, it was not eafy to avoid an error 
of a few grains. At other times there was an error 
of a fmall magnitude on the other fide, But it will 

appear 
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appear hereafter, that more fleam muft have efcaped 
invifibly at the open mouth of the iron tube than I 
was aware of. 

That nothing could enter by the pores of the re¬ 
tort at the fame time that the water was making its 
efcape out of them, I thought I afeertained pretty 
fatisfa6lorily by immerfing the bulb of it in mercury, 
contained in an iron veffel. In thefe circumftances 
I obtained air as ufual, only the produce was not 
fo rapid. In this way, however, I procured above 
an hundred ounce meafures of air from moiflened 
clay; and I difeontinued the procefs without per¬ 
ceiving any termination of it. But the moment the 
retort was raifed out of the mercury, it gave air 
three times as faft as it had done before. The qua¬ 
lity of die air was the fame in both cafes, viz. a 
little worfe than that of the atmofphere. 

I even colle£ted thirty ounce meafures of air when 
the bulb of the fame retort was immerfed in hot 
linfeed oil ; but the production of air gradually 
ceafed, and the next day I found the retort almoil 
full of the oil, which had foaked through it. Dif- 
tilling this oil, I got 3CQ ounce meafures of air 
wholly inflammable, except a vCry few ounce 
meafures at the laft, which were only phlogifti- 
cated. 

Another prefumption in favour of the generation 
of our atmofphere from water was, that the purity of 
E e 4 the 
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the air that I produced from it is fo very nearly the 
fame with that of the atmofphere. And the degree 
of heat requifite to produce it is no greater than may 
be given by the rays of the fun in certain circum- 
fiances. Subterraneous fires, however, would be 
abundantly fufficient for the purpofe, as it appeared 
to be fufficient for the converfion of water into re- 
fpirable air, that it come into contadt with clay, and 
perhaps many other earthy fubftances in the form 
of vapour. I muft, however, obferve, that when 
I threw the focus of a burning lens upon a quantity 
of moift clay, either in vacuo , or in common air, I 
got no air from it. 

I made this experiment both with the clay ex- 
pofed in an open difli, and alfo confined in a fhort 
earthen tube. Had I then proceeded to repeat this 
laft procefs with a communication between the in- 
fide of the earthen tube and the external air (as I 
then propofed to do, but was prevented) I fhould 
much fooner have difcovered what I did afterwards, 
viz. that there was no real converfion of water into 
air in this procefs. 

The difficulty that {hikes many perfons mod for¬ 
cibly, is the want of analogy between the converfion 
of water into air with any other known fads in phi- 
lofophy, or in nature. But admitting that this con¬ 
verfion is effected by the intimate union of what is 
called the principle of heat with the water, it appears 

to 
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to me to be fufficiently analogous to other changes, 
or rather combinations, of fubftances. Is not the 
acid of nitre, and alfo. that of vitriol, a thing as 
unlike to air as water is, their properties being as 
remarkably different ? And yet it is demonftrable, 
that the acid of nitre is convertible into the pureft 
refpirable air, and probably by the union of the 
fame principle of heat. 

By the fame procefs by which refpirable air 
feems to be made from water, inflammable air may 
certainly' be made from liquid fubftances contain¬ 
ing phlogifton. Making fpirit of wine to boil in 
a glafs retort, I made the vapour pafs through the 
ftem of a hot tobacco pipe, and found that it was 
all converted into inflammable air, and it was of 
that kind which burns with a lambent white flame. 
But when I let the pipe cool, no air was produced, 
but only vapour, which was inftantly condenfed in 
the water. 

Being now mafter of a new and eafy procefs, 
I was willing to extend it to other liquid fubftances; 
and I prefently found, as I then imagined, that, 
by this means, I could give a permanent aerial 
form to any liquid fubftance that had been pre- 
vioufly thrown into the form of vapour. 

When I made the vapour of fpirit of nitre, heat¬ 
ed in a glafs retort, pafs through the ftem of the 
hot tobacco pipe, I got as pure dephlogifticated air 
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as ever I have procured from nitre; though the 
cork, by which the retort was connected with the 
pipe, was diflolved, and mufl have contributed to 
contaminate it, and give it a flight mixture of 
fixed air. 

With oil of vitriol I got air conflderably phlo- 
gifticated, fo that a candle would not have burned 
in it; but this I alfo attribute to the cork, which 
was diflolved in the procefs. The refult was nearly 
the fame when I ufed water impregnated with 
vitriolic acid air, though the cork was not dif- 
folved. But this acid is known to contain much 
phlogifton. 

'When I ufed water impregnated with fixed air, 
this air was expelled by the heat, and came over 
without any change that I could perceive, except 
that the refiduum was larger, from the water that 
came along with it. The air I got afterwards 
was only that from the water, and of the fame 
quality as if it had not been impregnated with 
fixed air. 

Water impregnated with alkaline air gave neither 
fixed nor inflammable air, which I had rather ex¬ 
pected, but only air conflderably phlogifticated; 
though fome.of it was fo pure that a candle would 
have burned in it. 

N. B. In all thefe experiments with the tobacco 
pipe, all the air was remarkably turbid, like milk, 

and 
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and even the common air in the retort before the 
procefs properly began. 

In this ftate of the experiments I think I may 
venture to fay, that no perfon could have feen 
them without concluding that there was a real con- 
verlion of water into air, there being no known 
principle, or fa< 5 t, in philofophy, that could have led 
any perfon to fufpeft a fallacy in the cafe. In this, 
therefore, I muft have acquiefced, as indeed did 
all my acquaintance, even thofe who had been the 
moft incredulous on the fubjeft, after they had 
themfelves feen the experiments. But I was led 
to the farther profecution of this bufinefs, in con- 
fequence of having obferved that the purity of the 
air which I procured depended upon the ftate of 
that which was immediately contiguous to the 
earthen retort, or tube, in which I fuppofed the 
converfion to have been made; and that fome com¬ 
munication with the atmofphere was neceffary to 
the production of any air, as in the experiment 
with the digefter, and thofe with the clay and the 
burning lens. And fince pure external air was 
neceffary in order to procure good air, it was con¬ 
cluded by feveral of my friends, and efpecially Mr. 
Watt, that the operation of the earthen retort was, 
to tranfmit phlogifton from the water contained in 
the clay to the external air; and that the water, 
thus dephlogifticated, was capable of being con¬ 
verted 
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verted into refpirable air by the intimate union of 
the principle of heat. 

In order to afcertain what the influence of the 
external air in this cafe really was, I inclofed an 
earthen retort filled with moiftened clay, in a large 
glafs receiver, open at bodi ends, through the upper 
orifice of which (being narrow) I thruft the neck 
of the retort, luting it fo as to be perfedly air tight; 
and placing the receiver in a bafon of water, by 
which the air within was cut off from all com¬ 
munication with the external air, I fitted to the 
mouth of the retort a glafs tube, through which I 
could receive whatever was produced in the pro- 
cefs*. In this fituation I heated the retort, by 
means of Mr. Parker’s excellent burning lens, when 
air was received through the tube communicating 
with the infide of the retort as ufual j but at the 
fame time the water rofe within the receiver. 
This effed might be owing to a phlogiftication of 
the air within the receiver; but it was foon dimi- 
nifhed far beyond the utmoft limit of that procefs, 
fo that very little of it remained; and examining 
this air, I found it to be nearly the fame with that 
of the atmofphere, as alfo was that which came 
from the retort. 


* PI. VII. fig. 1. exhibits a view of the difpofition of the apparatus 
in this experiment, and in many others of the fame nature. 


This 
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This experiment made it probable, that the air 
on the outTide of the receiver had actually pafled 
through it; and yet it was contrary to all the 
known principles of hydroftatics, and even any 
thing hitherto known in chemiftry, that air Ihould 
be tranfmitted through a veflel of this kind, and 
In a direction contrary to that in which it would 
have been forced by the prefiure of the atmofphere; 
while the water, with which the clay was moiftened, 
went the other way. For had the retort been 
pervious to air, as the infide had a free commu¬ 
nication with the atmofphere, the water could not 
have rifen within the receiver. This, however, 
appeared to be the cafe, by the following decifive 
experiments. 

Having filled the earthen retort with the moif¬ 
tened clay as before, I made the infide of the re¬ 
ceiver perfectly dry, and placed it in a bafon of 
mercury ; when, upon heating the retort as before, 
the receiver was all covered with dew, which coi¬ 
ning into drops trickled down the infide of the 
receiver, and remained upon the mercury, which 
rofe within the receiver, while air was received 
from the retort as ufual. I had no doubt, there¬ 
fore, but that all the water within the retort would 
have got through into the receiver. Spirit ot wine, 
or fomething that had the fmell of it, was tranf¬ 
mitted 
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mitted from the clay through the retort in the 
lame manner. 

I then filled the receiver with inflammable air, 
and upon heating the retort, it was all drawn through 
it, and delivered as ftrongly inflammable as ever 
by the tube communicating with the infide of it; 
while the water rofe within the receiver, and even 
covered the retort, which was fixed at the very 
top of it, fo that hardly any of the inflammable air 
remained within it. In like manner nitrous air 
pafled through the retort unchanged. 

From thefe experiments it feemed impofiible 
not. to infer, that the clay of the earthen retort, be¬ 
ing thus heated, deftroys for a time the aerial form 
of whatever air is expofed to the outfide of it - 
which aerial form it recovers after it has been tranf- 
mitted in combination from one part of the clay 
to another, till it has reached the infide of the re¬ 
tort, while the water is drawn through it in a 
contrary direction*. 

Had this hypothefls been propofcd a 'priori , it 
s would, I doubt not, have been thought more ex¬ 

traordinary than the converfion of water into air. 

* Notwithftanding this, reafons will prefently be given, which 
ftiew that this is no juft conclufion, and that the procefa muft have 
been carried on by means of pores. 


The 
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The great difficulty with refpeft to the experi¬ 
ment with the lens is, that the water fhould pafs 
through the retort one way, and the air die other, 
and yet that the air fhould not be able to pafs with¬ 
out the water. It is alfo not a little extraordinary, 
that the weight of the air and that of the water 
fhould be fo nearly equal. 

I cannot conclude this account without acknow¬ 
ledging my obligation to Mr. Parker for the ufe 
of his incomparable lens, and his obligingly affift- 
ing me in the management of it. Indeed, with- 
cut this very inftrument, or one of greater power 
than my own, I do not know that the laft-mentioned 
experiments could have been made at all j certain¬ 
ly not to fo much fatisfaddion*. 

When I wrote the preceding part of this fe&ion, 
it was my opinion, that the air which was tranf- 
mitted through the earthen retort, had loft for a 
moment its form of air y and was properly incor¬ 
porated with the earthy as fixed air is in lime ftone, 
and that it had refumed its aerial form in the in- 
lide of the retort; becaufe thefe veffels had been 
air tight in all my other experiments. But though 
thefe earthen retorts be fufficiently air tight for 
many purpofes, and we cannot blow through them 

* By means of finall earthen vefiels, of an inch diameter in the 
bulb, fuch asisreprefented in PI. VII. fig. *• the experiment is made 
with fufficient advantage, with a lens of twelve inches in diameter. 
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when they are plunged in water, yet unlefs they be 
glazed, they are not fo air tight, but that, with an 
air pump, air may be drawn through them. Con- 
fequently, any power a&ing with the force of an 
air pump (which is only equal to the preflure of 
the atmofphere) may overcome the difficulty of 
air paffing through the fmall pores of fuch retorts j 
and there are many powers in chemiftry much 
greater than this. 

At prefent it is my opinion, that the agent in 
this cafe is that principle which we call attrafiion 
cfcohefion, or that power by which water is raifed 
in capillary tubes. But in wffiat manner it a&s in 
this cafe, I am far from being able to explain. 
Much lefs can I imagine how air ffiould pafs one 
way, and vapour the other, in the fame pores, and 
how the tranfmiffion of the one ffiould be neceffary 
to the tranfmiffion of the other. I am fatisfied, 
however, that it is by means fuch pores as air may 
be forced through, that this curious procefs is per¬ 
formed, becaufe the experiment never fucceeds but 
in fuch veflels as, by the air pump at leaft, appear 
to be porous , though in all fuch. But the fmall- 
nefs of the pores Items to be rather an advantage 
in this experiment; and the fmalleft capillary tubes 
alfo are known to avSb with the greateft force. 

A vellel fcooped out of chalk anfwered as weU 
as an earthen retort; fo ailb did one of free-Jlone , 

firft 
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firft about a quarter of an inch in thicknefs, and 
then very near an inch, which I £ot made for the 
purpofej and fo alfo did a veflel of white marble 
of the clofeft texture, though it is fufficiently air 
tight for moft purpofes, and nothing but the air 
pump could have convinced me that it had any 
pores. 

In order to meafure the force of this attraction, 
I placed the glafs veflel through which I tranfmit- 
ted the rays of the fun (and which contained the 
air that was to be drawn through the retort) in a 
bafon of mercury, and found that while the vapour 
of water was tranfmitted from moiftened clay in 
the infide of the retort, into the infide of the glafs 
veflel (and conlequently the air pafled the contrary 
way, fo as to enable the atmofphere to prefs the 
mercury into the infide of the glafs veflel) it rofe 
three inches and a half above the level on the out- 
fide of the glafs. It might probably have rifen 
fomething higher, if all the water in the clay had 
not then been expended. This was a veflel made on 
purpofe, of pipe clay only, and very compaCt. 
When I ufed more porous earthen vefiels, I • was 
never able to raife the mercury fo high. For 
when the pores are large, the mechanical aCtion 
occafioned by the weight of fuch a column of mer¬ 
cury counteracts the chemical one, and prevents 
the tranfmiflion of the air or fleam. 

Vo l. II. F £ 
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Having fufficiently afcertained what kind of 
vejfels would aijfwer for this experiment, I then 
tried what kind of fluid Jubftances would, by their 
tranfmiflion in one direction, promote the palfing 
of the air in the other; and 1 found that oils } as 


well as flpirit of wine, anfwered this purpofe per¬ 
fectly well; and ’fo alfo did mercury , but not any 
other metal made fluid by heat. 

The mercury pafied through the retort in the 
form of a fubtle black powder ; and on this occa- 
fion I obferved that the veflfel of pipe clay with 
which the experiment was made, was fo far air 
tight, that when I took it to the air pump, nearly 
full of mercury, quite hot from the experiment in 
the fun, and placed it upon the plate of the air 
pump, I was not able to force any mercury through 
it. Probably this black powder was much more 
attenuated than mercury in its natural fluid ftate 
can be. There is alfo a degree of repulfion be¬ 
tween white mercury and all glafs or earthen vefiels* 
This repulfion mechanical preffure might not be 
able to overcome, though this chemical aCtion could 
do it. It remains, however, to be confidered, 
how the mercury in this procefs could be chang¬ 
ed from its natural fluid ftate i nt0 this black 


powder. 

While I was making thefe experiments with 
mercury, I took the opportunity of trying one of 
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the kinds of air that cannot be confined by water; 
and having filled the glafs veflel with alkaline air, 
and having mercury in the veflel of clay, I foon 
found, by the fmell, that the alkaline air was pafiing 
one way, while the mercury went the other, juft as 
readily, I doubt not, as inflammable or nitrous 
air had gone one way, while water had gone the 
other. 

Of the metals in a ftate of fluidity, I tried lead, 
tin, zinc, and bifmuth, melting them in porous 
earthen retorts; but neither did any metal pafs 
one way, or air the other. 

1 made fome attempts to perform this experi¬ 
ment with vefiels which had vifible pres , efpecially 
with fine capillary tubes of glafs; having the ftop- 
pers of the glafs tubes made with fine perforations 
of this kind, but hitherto without fuccefs; and yec 
J do not abfolutely defpair of fucceeding in an ex- 
periment of this kind, and thereby feeing a little 
farther into this curious procefs. 
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SECTION III, 

Experiments on Ether . 

I T is fomething extraordinary that, though ether, 
as I found, cannot be made to affume the form 
of air (the vapour arifing from it by heat, being 
foon condenfed by cold, even in quickfilver) yet 
that a very fmall quantity of ether put to any kind 
of air, except the acid, and alkaline, which it im¬ 
bibes, almoft inftantly doubles the apparent quan¬ 
tity of it; but upon palling this air through water, 
it is prefendy reduced to its original quantity again, 
with littk or no change of quality. 

I put about the quantity of half a nut fliell full 
of ether, inclofed in a glafs tube, through a body 
of quickfilver, into an ounce meafure of common 
air, confined by quickfilver; upon which it pre- 
lently began to expand, till it occupied the fpace 
of two ounce mealures. It then gradually con- 
traded about one fixth of an ounce meafure. Put¬ 
ting more ether to it, it again expanded to two 
ounce meafures; but no more addition of ether 
would make it expand any farther. Withdrawing 
the quickfilver, and admitting water to this air, 

without 
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without any agitation, it began to be abforbed; 
but only about half an ounce meafure had difap- 
peared after it had flood an hour in the water. But 
by once paffing it through water the air was re¬ 
duced to its original dimenfions. Being tried by 
a mixture of nitrous air, it appeared not to be fo 
good as frefh air, though the injury it had received 
was not confiderable. 

All the phenomena of dilatation and contraction 
were nearly the fame, when, inftead of common air, 

I ufed nitrous air, fixed air, inflammable air, or 
any fpecies of phlogifticated common air. The 
quantity of each of thefe kinds of air was nearly 
doubled while they were kept in quickfilver, but 
fixed air was not fo much increaied as the reft, 
and phlogifticated air lefs. But after paffing through 
the water, they appeared not to have been fenfibly 
changed by the procefs. 

Thefe experiments were made with vitriolic 
ether. Having, fince, procured a quantity of ni¬ 
trous ether, made by Mr. Godfrey, I had the curi- 
ofity to try whether this would produce the fame 
effe£t; but I fount} that it increafed common air 
only about one fixth of its bulk. After this mix¬ 
ture had continued two days and a night, water 
abforbed the ether, and left the common air exactly, 
or very nearly, the fame as before, judging by the 
teft of nitrous air. 

Ff 3 
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SECTION IV. 

Of the Difference of the Quantity of Air by the rapid 
Production of it. 

I Have more than once found, that when I ex¬ 
pelled air from feveral fubftances by heat, the 
produce was different in quantity, according as 
the heat was Jlowly or fuddenly applied though, at 
the laft, it was always made the fame, and was con¬ 
tinued as long as any air could be produced. The 
firft obfervations of the kind were thofe in which 
inflammable air was produced from vegetable and 
animal fubftances. I afterwards made another ex¬ 
periment of the kind in the produ&ion of dephlo - 
giflicated air from red lead and fpirit of nitre; 
ufing every precaution that I could think of to 
prevent my impofing upon myfelf, with refpedt tq 
a circumftance which, I own, appears rather extra¬ 
ordinary. I imagine, however, that when the heat 
is applied (lowly, fome parts of the fubftances, that 
are lefs difpofed to volatilize, become, by degrees, 
accuflomed , as it were, to bear a force, which, if it 
had been applied fuddenly, would have inevitably 

broke 



Se'% IF. OBSERVATIONS ON AIR. 439 

broke their cohefion with the reft; which is in 
e meafure fimilar to what is obferved with re- 
f a to the lead Jims, which will fuftain more 
weight when it is applied gradually, than it can be 
made to do when it is applied all at once. 

From equal quantities of the fame red lead, with¬ 
out any mixture of fpirit of nitre, and ufing the 
fame gun barrel, I got, by means of heat fudden y 
applied, more air than I got by heat applied (lowly 
in proportion of ten to fix. The proportion of 
fixed air was the fame in both the cafes, and the 
remainder equally dephlogifticated. 

Moiftening a quantity of red lead very well with 
ftrong fpirit of nitre, and putting equal quantities 
of it at different times into the fame gun barrel, 
in the firft procefs I applied the heat pretty lud- 
denly, and in the fecond very (lowly; and in the 
firft I got three times as much air as in the other. 
The air was alfo equally pure in both thefe cafes. 
Id contained equal proportions of fixed a.n but 
towards the end of the flower procefs the air be¬ 
came nitrous. and 

From an ounce ot red lead, oy * 
bride h eat I got above two quarts of air, a great 
which was fixed air, and the reft was about 
twice as good as common air ; and immediately 
after, putting the very fame quantity o tie ame 
parcel of red lead into the fame gun barrel, by heat 
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very /lowly applied , but urged vehemently at laft, 
I got no more than two ounce meafures of air, a 
great part of which was fixed air, and the reft not 
fo good as common air. 

From an ounce and a half of whiting, in a gun 
barrel, I got, with a fudden and great heat, 240 
ounce meafures of air, of which fome portions 
contained nine tenths of fixed air, and the refiduum 
burned with a lambent blue flame. Repeating the 
fame procefs very flowly, I got no more than 150 
ounce meafures of air from the fame quantity of 
whiting. And again repeating the procefs with a 
greater and more fudden heat than at firft, I g ot J 
from the fame quantity of materials, 270 ounce 
meafures of air. 


SEC- 
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Experiment 5 on the Mixture of different Kinds of Air t 
that have no mutual Aftion. 

C ONSIDERING the very different fpecifk gra¬ 
vities, and other remarkably different proper- 
ties of different kinds of air, it might naturally 
enough be taken for granted, that thofe which dif¬ 
fer very much in Specific gravity at leaft, would fe- 
parate from each other after they were mixed, the 
heavier occupying the lower place, and the lighter 
the upper; and that, by this means, the heavier 
kind of air might be made to expel the lighter, if 
there fhould be an opportunity for its efcape from 
the upper part of the veffel. As different kin s of 
air will often be unavoidably mixed in a variety of 
experiments, I thought it a matter of feme conse¬ 
quence to afcertain precifely how the faft was in dns 
refpeft; that I might not, upon any qccafion, de¬ 
ceive myfelf, by imagining that I had one kind of 
air only! when! in reality, I might have a much 

. r other kind than I fuf- 

greater proportion ot lome 

peded. The 
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The refult of my trials has been this general con- 
clufion ; that when two kinds of air have been 
mixed, it is not poflible to feparate them again, by 
any method of decanting y or pouring them off, 
though the greateft poflible care be taken in doing 
it. They may not properly incorporate , fo as to 
form a third fipecies of air , poflefied of new proper¬ 
ties ; but they will remain equally diffufed through 
the mafs of each other j and whether it be the up - 
per or the lower part of the air that is taken out of 
the veflel, without difturbing the reft, it will con¬ 
tain an equal mixture of them both. 

After fome experiments with common phials, but 
which I rejected, from the confideration that the 
agitation of the air within the phial, by the letting 
in of the water, would neceflarily mix the two kinds 
of air contained in it, though they had been ever fo 
carefully feparated, I avoided that inconvenience, 
by making the experiments in the following more 
accurate manner, applying it to all the kinds of air 
that will bear to be confined by water. 

Into a cylindrical veflel, which I could open at 
both ends, having ground ftoppers fitted to them, I 
put equal quantities of fixed and common air ; and 
after fuffering them to continue a whole day, die 
veflel remaining in a perpendicular pofition, in 
which they had opportunity, and time enough, to 
have feparated from each other, I very carefully 

let 
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let out the contents of the upper part of the veffel 
onlv the water entering (lowly at the lower open- 
- j and put the remainder, which had occupied 
the lower part of the veffel, into a feparate phial; 
then examining them one after the other, I found 
no fenfible difference between them, equal propor¬ 
tions of both being abforbed by water. If there 
was any difference, it did not, however, exceed the 
triflin'* one in the next experiment, made with an 
ei<*ht°ounce phial, in the bottom of which I had 
m °ade a hole, by which the water might enter as 

the air was let out at the mouth of it. 

This phial I filled with equal quantities of fixed 
and common air; and after a confiderable time I 
let off the upper part, while the water entered be- 
low • and obferved that, of the four meafures which 
had occupied the upper part of the phial, two and 

an half remained unabforbed by water, and o* the 

lower part, two and a quarter; fo that there was a 
little more fixed air in the lower than in the upper 
nart of the veilel. 

P Having mixed equal quantities of mpmmabU and 
■nitrous air in the phial which had a perforation at 
Z bottom, and letting it out in five different parts, 
f obferved that they all burned with a lambent 
flame! without any fenfible difference between 

them - I tried 
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I tried in the fame manner a mixture of nitrous 
and common air , and after letting them continue to¬ 
gether all night, found that the lower part of this 
mixture diminifhed common air a little more than 
the upper part; but the difference was very fmall. 

I put together equal quantities of nitrous and fixed 
air , in the perforated phial; and decanting it at fe- 
veral times, with the fame care as before, and mix¬ 
ing the feveral parts with common air, could obferve 
no fenfible difference in the diminution produced by 
any of them. 

Fixed air is equally diffufed through the whole 
mafs of any quantity of air from putrefying fub- 
ftances with which it is mixed; for dividing the 
mixture into two equal parts, they were reduced 
in the fame proportion by pafling through water. 
This is alfo the cafe with inflammable air, and air 
in which fulphur has burned. 

At the fame time that I was trying the purity of 
fixed air, I had the curiofity to endeavour to afcer- 
tain whether that part of it which is not mifcible in 
water, be equally diffufed through the whole mafs j 
and, for this purpofe, I divided a quantity of about 
a gallon into three parts,.the firft confifting of that 
which was uppermoft, and the laft of that which 
was the loweft, contiguous to the water; but all 
thefe parts were reduced in about an equal propor- 
5 tion, 
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tion by patting through the water, fo that the whole 
mafs had been of an uniform compofition. 

Having filled the ftrong glafs veffel, in which I 
ufually fire them by the eleCtric fpark, with the 
ufual mixture of one third dephlogifticated and two 
thirds inflammable air, I let it remain in a perpen¬ 
dicular pofition all night, in which there was cer, 
tainly time enough for them to have feparated from 
each other, if their very different fpecific gravities 
would have difpofed them to do fo. But though 
the two wires between which the explofion is made 
were at the very top of the veffel, which in the cafe 
of a fcparation would have been the region of pure 
inflammable air (which cannot take fire of ltfelf) 
yet when the fpark paffed between them, the two 
kinds of air were exploded as completely as they 
could have been immediately after they had been 


Tt alfo obfervable, that the phlogifticated and 
dephlogifticated air which compofe the atinofphere, 
are of very different natures, though without any 
known principle of attraction between them, and 
llfo of different fpecific gravities; and yet they are 
never feoarated but by the chemical attraction of 
lubftances, which unite with the one,.wd leave the 
other, as in all thofe precedes which I have termed 
pblogiftic . 1 
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The lame is the cafe with common air and alka¬ 
line, or any of the acid airs. For though all thele 
kinds of air differ in fpecific gravity from common 
air, yet if they be mixed with common air, and 
water be admitted to them, the quantity will de- 
creafe more or lefs (lowly in proportion to the quan¬ 
tity of common air in the mixture. Whereas, if 
the alkaline or acid airs had been heavier than the 
common air (as the latter, at leaft, manifeftly are) 
and did not mix with it, the water would abforb 
them as readily as it does when the jar contains no 
other kind of air ; as, on die other hand, if the 
common air had been the heavier, it would have 
protected them from the accefs of the water, which 

would not, in this cafe, be able to come at the acid 
or alkaline air, and therefore could not abforb any 
part of the quandty. I have noted, however, one 
exception to this rule refpe&ing alkaline and inflam¬ 
mable air, which did not feem to mix together. 

I have lince made a mixture of vitriolic acid air 
and fluor acid air, and find that they continue inter¬ 
mixed throughout. I mixed equal quantities of 
them in a jar of quickfilver, and obferved, that 
when water was admitted to the whole mafs, the 
cruft was formed equably from the bottom to the 
'top of the veffeh 
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Notwithftanding thefe experiments, I do not fay 
but that if two kinds of air, of very different fpe- 
cifi C gravities, were put into the fame veil'd, with 
ver y °great care, without the leaft agitation that 
mio-ht^ mix or blend them together, they might 
continue feparate, as with the fame care wine and 
water maybe made to do; but that, when once 
they have been mixed, they will continue to be fo, 
like wine and water, after having been fhaken toge- 

th F*rom the experiments above recited, it will fol¬ 
low that when fixed air, or air of any other 
kind, is conveyed into a veffel containing common 
air, a quantity equal to the contents of the whole 
veffel muff be thrown in, before half of the common 
air be expelled; becaufe half of the air that is intro- 
duced will always be expelled along with it; that 

after another equal quantity, (till one fourth of the 
common air will remain; and after another, one 

eighth, &c. * 


SEC- 


MISCELLANEOUS 


Book VII. 


448 


SECTION VI. 

Of the Expanfion of different Kinds of Air by Heat* 

F ROM a very coarfe experiment, which I made 
very early, I concluded that fixed and com¬ 
mon air were expanded alike with the fame degree 
of heat. But by the method which I then made 
ufe of, it was not poflible to difcover fmall differ¬ 
ences in this refpeft. I have fince attempted it in 
another and more accurate manner, and have applied 
it to all the kinds of air with which I am acquainted; 
and though I do not think that the refults can be 
intirely depended on, on account of the difficulty 
that I found in making the experiments, and my 
not having time to repeat them fo often as I 
could have wifhed, it may not be amifs to give 
an account of what I did obferve, though it 
fhould only be a means of putting others upon 
doing the fame thing in fome better manner, and 
with more attention. 

1 took a phial, containing thirteen ounce mea- 
fures of water, and filled it fucceflively with all the 
different kinds of air, having been previoufly made 

very 
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very dry, and filled with quickfilver. Then hold¬ 
ing the mouth of it under the quickfilver, I in¬ 
ferred into it a perforated cork, to which was an¬ 
nexed a long glafs tube, as is reprefented, P1.V .fig . 5 , 
leaving a little quickfilver in the neck of the phial* 
that the expanfion of the air might drive it along 
the tube. This phial, fo prepared, I placed in a 
fmall wooden box, and carrying it into a warm 
room, carefully marked the place at which the. 
quickfilver flood after it had become perfe&ly fta- 
tionary in that degree of heat. Then carrying it 
into a colder room, and letting it remain there a 
fufficient time, I marked the place in which it flood 
in that degree of heat, having a Fahrenheit’s ther¬ 
mometer accompanying it in each fituation. 1 then 
carried it back into the warm room, and obferved 
whether the quickfilver rofe to the fame place as 
before; and after ufing other little precautions, to 
prevent any miftake, I found the following inter¬ 
vals in the place of the quickfilver in the different 
kinds of air, the fame phial and the fame glafs tube 
being ufed in all the cafes. The quantity anfwer- 
ing to ten degrees was made by computation, 
to fliew the proportional expanfion at one ealy 
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The diftance 
between 

inche 9 

10*. 

being 

In Common air 

34° 

and 48 ° 

was 1.85 

1.32 

—Inflammable 

34 

48 

a .87 

2.05 

—Nitrous 

33 

50 

3-44 

2.02 

—Fixed 

32 

50 

3-97 

2.20 

—Marine acid 

32 

5° 

2.40 

1-33 

—Dephlogifticated 

32 


4.2 

2.41 

—Phlogifticated 

32 

5i 

3* T 5 

1.65 

—Vitriolic acid 

32 

48 

„ 3 - 7 ° 

2.37 

—Fluor acid 

46 

56 

2.83 

2.83 

—Alkaline 

32 

5 ° 

8.56 

4-75 


The expansion of the alkaline air in this experi¬ 
ment will appear extraordinary; but I muft obferve 
that there was a little moifture in the phial, which 
had been expelled from the materials together with 
air ; and to this water, emitting more air by heat, 
I am inclined to afcribe the much greater dilatation 
of this than of the other kinds of air j and at that 
time I could not conveniently repeat the experiment, 
not having any better materials at hand. 

That inflammable , nitrous , and phlogifliMted air, 
containing more phlogifton than common air, 
ftiould expand more with equal degrees of heat, is 
agreeable to analogy, the fame thing being obferved 

in 
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in fluids : but how it fliould happen that dephlogijti - 
(cited air, which contains lefs phlogifton, fhould 
expand more than common air, I do not fee, and 
therefore I wifli that the experiments might be re¬ 
peated in fome better manner. 


SECTION VII. 


Of the fpecific Gravity of different Kinds of Air. 

I N order to afcertain the fpecific gravity of de- 
phlogifticated, and other kinds of air, I took a 
glafs tube about nine inches long, and fattening it 
to the neck of a bladder, which, with fuch a de-> 
gree of diftenfion as I could give it, in the manner 
in which the experiment was made, contained fifty 
five ounce meafures, or one pennyweight nine grains 
of common air. The tube was fo fattened, that I 
could take it out at pleafure; and having the blad¬ 
der thus prepared, I carefully comprefled it, then 
filling it in part with that kind of air which I was 
G g 2 about 


45 i MISCELLANEOUS Book VlJ % 

about to weigh, I comprefied it again, and then 
filled it intirely ; fo that I was pretty confident that 
the air within the bladder contained very little com¬ 
mon, or any other kind of air. In this manner I 
proceeded to weigh dephlogifticated air , and at the 
fame time nitrous air , and air phlogifticated with iron 
filings andJulpbur, which I take for granted is the 
fame thing with air phlogifticated by any other 
procefs. 

The following fhort table exhibits the refult of 
all thefe experiments at one view. 

The bladder, filled with dwts. gr. 

phlogifticated air,weighed - r - - 7 *5 

_nitrous air - 716 

--— common air - - 7 17 

__„__ dephlogifticated air - 7 19 

This refult agrees fufficiently well with my for¬ 
mer obfervations, though they were not made with 
fo much accuracy, viz. that both nitrous air, 
and air diminifhed by phlogiftic procefles, are ra¬ 
ther lighter than common air; and it is confonant 
to this, that, in the prefent experiment, dephlo¬ 
gifticated air appears to be a little heavier than 
common air. 

In 
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In this experiment, the dephlogifticated air was 
fo pure, that one meafure of it, and two of ni¬ 
trous air, occupied the fpace of four fifths of a 
meafure. Had the air been more pure, it would, 
jio doubt, have been fpecifically heavier ftill. 


SECTION VIII. 


Of Sound in different Kinds of Air . 

A LMOST all the experiments that have hitherto 
been made relating to found , have been made 
in common air, of which it is known to be a vibra¬ 
tion, though it is likewife known to be capable of 
being tranfmitted by other fubftances. There 
could be little doubt, however, of the poflibility of 
found originating in any other kind of air, as well 
as of being tranfmitted by them; but the trial had 
pot been adually made, and I had an eafy opportu¬ 
nity of making it. 

Befides, the experiments promifed to afcertain 
•whether the intenftty of found was affected by any 
G g 3 other 
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other property of the air in which it was made than 
the mere denfity of it. For the different kinds of 
air in which I was able to make the fame found, 
befides differing in fpecific gravity, have likewife 
other remarkable chemical differences, the influence 
of which with refped to found would, at the fame 
time, be fubmitted to examination. 

Being provided with a piece of clock work, in 
which was a bell, and a hammer to ftrike upon it 
(which I could cover with a receiver, and which, 
when it was properly covered up, I could fet in 
motion by the preffure of abrafs rod, going through 
a collar of leathers) I placed it on fome foft paper 
on a transfer. Then taking a receiver, the top of 
which was clofed with a plate of brafs, through 
which the brafs rod and collar of leathers was in- 
ferted, I placed the whole on the plate of an air 
pump, and exhaufted the receiver of all the air that 
it contained. Then removing this exhaufted re¬ 
ceiver, containing the piece of clock work, l filled 
it with fome of thofe kinds of air that are capable 
of being confined by water, by means of a bent 
glafs tube inferted into a piece of brafs, which I 
could fcrew into the bottom of the transfer, fo as 
to introduce the bended tube, through the water of 
my trough, into a jar containing the air on which 
I wiihed to make the experiment. 


When 


Sea. VIIL 


observations on air. 


455 


When this was done, I removed the glafs tube, 
an d had the receiver filled with that fpecies of 
l\r in which I wifhed to produce the found, and 
the apparatus for making the found within it. Then 
by forcing down the brafs rod through the collar of 
leathers,! made the hammer ftrike the bell, which 
it would do more than a dozen times after each 
preffure. And the inftrument was contrived to do 
the fame thing many times fucceflively, after being 
once wound up. 

Every thing being thus prepared, I had nothing 
to do, after filling the fame receiver with each of 
the kinds of air in its turn, but receding from the 
apparatus, while an afiiftant produced the found, to 
obi'erve at what diftance l could diftinftly hear it. 
The refult of all my obfervations, as far as I could 
judge, was that the intenfity of found depends folely 
upon the denfity of the air in which it is made, and 
not at all upon any chemical principle in its con- 
flitution. 

In inflammable air the found of the bell was 
hardly to be diftinguifhed from the fame in a pretty 
good vacuum; and this air is ten times rarer than 
common air. 

In fixed air the found was much louder than in 
common air, fo as to be heard about half as far 
Gg 4 again; 
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again; and this air is in about the fame proportion 
denfer than common air. 

In dephlogifticated air the found was alfo fen- 
fibly louder than in common air, and as I thought 
rather more than in the proportion of its fuperior 
denfity j but of this I cannot pretend to be quite 
fure. 

In ail thefe experiments the common ftandard 
was the found of the fame bell in the fame re¬ 
ceiver, every other circumftance alfo being the 
fame; the air only been changed, by removing 
the receiver from the transfer, and blowing through 
it, &c. 
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SECTION IX. 

Of the Power of the different Kinds of Air to conduct 
Heat. 

O NE of the firft things that I propofed to try, 
with refpedt to the different kinds of air, was 
toobferve their power of conducing heat , and I had 
a contrivance for that purpofe when I was at Leeds. 
The thing, however, appearing to me to be of lefs 

confequence than other things that I had in view, 
I deferred it fome time, till, in confequence of 
the dodtrine of heat becoming, by means of Dr. 
Crawford’s book, the fubjedt of general conven¬ 
tion, I determined to execute what I had fo long 
projedted. 

For this purpofe I prepared the veffel reprefented 
PI. VI. fig. 2, and defcribed in the Introduction. 
The thermometer was a very fenfible one, and the 
fcale large, fo that I could mark upon it twenty 
divifions, each larger than half an inch between the 
mean temperature of the atmofphere, and a heat 
much below that of boiling water. After feveral 
trials I at length adjufted it in fuch a manner, that, 

having 
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having filled the vefiel with any kind of air, I 
could plunge it to a certain depth, firft in hot , and 
then in cold water, fo that the mercury would rife 
to the divifion 20, and fall to that of 6 or 7 in a 
reafonable time. I had a clock that beat feconds 
clofe by me, and was fo fituated, that I could not 
well make a miftake of more than two feconds, in 
noting the time when the mercury came to any 
particular divifion. The precautions I ufed to 
plunge the vefiel the fame depth in the water, ifi all 
the experiments, and to exclude all other differences, 
except what might be occafioned by the different 
kinds of air, it would be tedious to recount; and 

no perfon -converfant in experiments, and who IS 

difpofed to repeat them, will need to be fo minutely 
inftru&ed. 

I will juft obferve, however, that in the vefiel I 
ufed for hot water, I always made it boil, and it 
was fo full, that the plunging of my air vefiel into 
it made it run over; and the vefiel for cold water 
•was always frefti brought from the fame pump. 
The mouth of the air vefiel was in a cup of mer¬ 
cury, always filled to the fame height; and by 
this means I could try in the fame manner even 
thole kinds of air, that could not be confined by 
water. 

The beft account that I could give of the refult 
of thefe experiments would be to exhibit them in 

the 
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the form of tables* of the time at which the mer¬ 
cury reached all the degrees of the fcale, both in 
afcending and defending j which tables I have 
drawn up. But this I (hall defer till I have an op¬ 
portunity of repeating all the obfervations. At pre- 
fent I would only obferve, that all the differences 
were not fo ftriking a? I expected to have found 
them, but that inflammable air conduced heat much 
better than any other kind of air, the mercury afend- 
ino- the fame fpace in about half the time that it took 
up in common air f Fixed air , and all the kinds of 
add air , condu&ed heat confiderably worfe than 
common air. Alkaline air conduced heat rather 
better than the acid airs, and dephlogifticated air a 
little worfe than common air, but fo little, that I 
would not anfwer for the fame refult in repeating 
the experiment. 

N. B. In the courfe of thefe experiments, I could 
not avoid obferving fo great an expanfion of alkaline 
air by heat, that I conclude the obfervation, p. 450, 
may be perfectly accurate, though the extraordinary 
nature of it made me entertain the doubt I have 
there expreffed concerning it, 
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SECTION X. 

Of the refractive Power of different Kinds of Air, 

C ONSIDERING the very different properties 
of the different kinds of air with which I 
have been converfant, it was impoffible not to think 
of the probability of their having different refractive 
powers, and of fome method of afcertaining this 

circumftance. But I am forry to inform my 

readers, that my experiments have been without 
any fuccefs. 

For this purpofe, I procured a prifm, confiding 
of three plates of glafs, fattened together by ce¬ 
ment, the cavity being large enough to contain 
about a quarter of a pint. This prifm I fixed upon 
a (land, at the diftance of ten feet from a window, 
in which I had a fmall apparatus, contrived to 
throw a beam of the fun’s rays into the room. 
This beam was received by a board, furnifhed with 
a piece of brafs work, containing feveral fmall holes, 
through any of which I could tranfmit a beam of 
light upon the prifm, which was placed, in a ver¬ 
tical pofition, clofe behind it ; and the wall on which 

the 
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die image of the fun was received was twenty feet 
from the prifin. 

With this apparatus, which I thought promifing 
enough, I proceeded to try the refra&ive powers of 
nitrous and inflammable air; but I could perceive 
no difference in the place of the image, whether 
the beam of light was tranfmitted through the 
prifm, carefully filled with either of thefe kinds of 
air, or not through it; allowance being made for 
a fmall degree of refraction occafioned by a want 
of perfeft paraUelifm in the plates of the prifm. 
The refult was the very fame, whether it contained 
common air, or either of the two kinds above- 
mentioned. 

Having had fo little fuccefs with thefe two very 
different kinds of air, I thought it would be in vain 
to try any of the other kinds; and therefore, for 
the prefent, have defifted from my purfuit; but 
I am not without a defign to refume it with a dif¬ 
ferent kind of apparatus, if I be fo happy as to fue¬ 
led in the conftru&ion of it. 
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SECTION XL 

Of Air in the Bladders of Fijhes. 

I Made a beginning of a courfe of experiments, 
which, I think, may be purfued to confiderable 
advantage, on the ftate of the air which is contained 
in the bladders of fijhes. It is commonly fuppofed, 
that thefe bladders are of no other ufe to the fifties 
than to aflift them in rifing or finking in the water: 

but I have fome doufet about this hypothefis ; at 
leaft they may have fome other ufe. Some fifties, 

I believe, are not furnifhed with thefe bladders. 

When they are taken out of the filh, the air cannot | 

be got from them by prefifure, but I was always \ 

obliged to burft or cut them; and yet that the air 
does change in thefe bladders, is, I think, pretty 
evident, from my having found it in different 
ftates. 

The firfttime that it occurred to me to examine 
the air contained in thefe bladders, I found it, in a 
great number of them, to be perfectly noxious, not 
being at all affedled by nitrous air. This was on 
the 3 iff of May, 1774. But at another time, viz. 

the 
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rhe 'joth of March following, I found air that I had 
-e^ed from the bladders of the fame kind of fifhes, 
r oaches, not to be quite noxious, being affe&ed 
by nitrous air, though not to a great degree. I have 
not purfued thefe experiments any farther; but I 
ihould think that it might not be difficult, by 
diverfifying them properly to make fome difcoveries 
concerning the animal ceconomy of fiffies, and the 
ufe of air to them. 


SECTION XII. 

qj' Changes predated in various Kinds of Air by Ex- 
pro/ure to Urine . 

T HAT phlogifton exhaling from vegetable or 
animal fubftances ffiould fenfibly affe& com¬ 
mon air, or dephlogifticated air, which contain 
little or no phlogifton, and have a ftrong affinity 
with it, is far from being extraordinary; but that 
the fame fubftances which phlogifticate common 
air, or dephlogifticated air, Ihould likewife affe& 
nitrous air, or inflammable air, which already con¬ 
tain 
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tain phlogifton (and, as it fhould feem, to a com¬ 
plete fatu ration) is a fadt that I cannot well explain. 
This, however, I have obferved to be the cafe 
with liver of fulphur, iron filings, and fiilphur, and 
various other fubftances on nitrous air. 

Inflammable air I have not obferved to have 
any impreflion made upon it by thefe fubftances, 
any more than by the eledtric fpark, at leaft in 
the temperature of the atmofphere; though, in 
confequence of fimple confinement by water, it has 
at length, in feveral inftances* loft its inflamma¬ 
bility, and, like nitrous air in the preceding cir- 
ciimftances* has become mere phlogifticated air. 
I have Tome fufpicion> however, that inflammable 

air may be decompofed by all the fame fubftances 
that decompofe nitrous air, if more heat , or more 
time, be given to the procefs j and perhaps what 
I confidered as pure water might, in time at leaft, 
have got an impregnation of fomething that might 
affedt the inflammable air, in thofe cafes in which 
I found it reduced to the ftate of phlogifticated air. 
Thefe fufpicions I have been led to in confequence 
of obferving that urine had this effedt, both on 
nitrous and inflammable air j an obfervation which 
I made accidentally, in the courfe of expofing a 
great variety of fubftances to the fun during the 
fummer of 1779. 


Among 
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Among other things, I had filled a gl a f s tube, 
about half an inch in diameter, and three feet and 
a half long, with urine, and had placed it inverted 
in a bafon of the fame* In this fituation it was 
kept feveral months, when it yielded at firft a fmall 
quantity of air, all of which was afterwards ablorb- 
cd. After which I perceived cryftals to be formed 
in feveral places of the infide of the tube, and the 
urine, from being of a pretty high colour, became 
very pale. 

Seeing no farther change in the urine, and having 
obferved its power of emitting and abforbing air, 
I expofed to its influence all the kinds of air that 
could be confined by it, in feparate fix ounce phials, 

of which the air of each kind occupied about one 
fourth, the remainder of the phial containing this 
old pale urine; and the phials were inverted in 
bafons of the fame, and, as it evaporated, were fup- 
plied from time to time with more urine. 

Things were difpofed in this manner on the 
27th of July, and I obferved that there was no 
immediate change, either in the inflammable or 
the phlogifticated air; but the furface of the urine 
in contaft with the common air, dephlogifticated 
air, and nitrous air, from a pale ftraw colour, pre- 
fently became of a deep brown, and efpecially next 
the dephlogifticated air. The next morning the 
colour of the urine in contadl with the dephlogifti- 
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cated air was almoft black, and extended through 
the whole phial. But in the phial in which the 
common air was confined, the brown colour ex^ 
tended only a little way within the body of the 
urine. Under the nitrous air the urine was pretty 
uniformly brown, but not fo much fo as under the 
dephlogifticated air. A little both of the dephlo¬ 
gifticated and nitrous air was abforbed, and nearly 
an equal quantity of each. 

The dephlogifticated air having diminifhed very 
faft, and becoming thoroughly phlogifticated, I in¬ 
troduced more of the fame air into the phial; and 
I let all the phials ftand in this fituation till the 
■ 2 2 d of July following, when 1 was obliged to put 

an end to the procefs, and I then noted the follow¬ 
ing appearances. The common air was diminifh¬ 
ed about one fourth, and was thoroughly phlogifti¬ 
cated; the urine being of an orange colour, but 
not very deep. The dephlogifticated air, having 
been renewed, was not completely phlogifticated, 
but was nearly fo. The nitrous air was diminifhed 
one half, had changed the urine black, extinguifhed 
a candle, and did not affed common air at all, fo 
that it was mere phlogifticated air. But what is 
remarkable, this phlogifticated air was in a much 
greater proportion than is generally procured from 
nitrous air. This effed I afcribe to the length 
of time that the procefs took up, and there are 

other 
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other remarkable facfts in confirmation of this opi¬ 
nion. 

The inflammable air was diminished to about 
one eighth of its bulk, and was ftill flightly inflam¬ 
mable. With more time I doubt not this air 
would have loft all its inflammability. The urine 
in this phial was of a very pale colour. 

The phlogifticated air alone remained quite un¬ 
affected during the whole procefs, and the urine was 
of the fame colour with that under the common 
air, viz. a light orange; but this change probably 
came from that part of the urine, which had been 
expofed to the common air in the cup, and had 
gradually extended itfelf to the urine in the phial. 

If the diminution of all thele kinds of air was 
owing to phlogifton, it may be inferred that this 
principle in the phlogifticated air has a firmer union 
with its bafe than it has in nitrous or inflammable 
air, being lefs capable of either receiving more, or 
of parting with what it has got. 

But perhaps the moft. puzzling circumftance in 
this procefs is, that the diminution of both the de- 
phlogifticated and nitrous air fhould be accompanied 
with the fame change of colour in the urine ex¬ 
pofed to them. A fimilar change of colour in a 
folution of copperas, I thought was owing to the 
phlogifton depofited from the decompofed nitrous 
H h 2 air. 
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air. But if this was the caufe of the fimilar change 
of colour in this cafe, how came the fame change 
to take place in confequence of the diminution of 
dephlogifticated air, this diminution being, no doubt, 
owing to its receiving phlogifton from the urine ? 
It can hardly be that the fame change Ihould take 
place in the colour of the urine, whether it contains 
more or lefs phlogifton than it naturally has. Per¬ 
haps it may be fomething common to the con- 
ftitution both of nitrous and dephlogifticated air, 
and not phlogifton, that, when they are decompofed, 
is precipitated, and produces this change of colour 
in the urine. 
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SECTION XIII. 

Of Air in the Calces of JR tals. 

T HAT the calces of metals contain air, of 
fome kind or other, and that this air con¬ 
tributes to the additional weight of the calces, above 
that of the metals from which they are made, had 
been obferved by Dr. Hales; and Mr. Hartley had 
informed me, that when red lead is boiled in lin- 
feed oil, there is a prodigious difcharge of air be¬ 
fore they incorporate. I had likewile found, that 
no weight is either gained or loft by the heating 
of tin in a clofe glafs vefiel; but I purpofely de¬ 
ferred making any more experiments on the fubjeft, 
till we fhould have fome weather in which I could 
make ufe of a large burning lens, which I had 
provided for that and other purpofes; but, in the 
mean time, I was led to the difcovery in a different 
manner. 

Having, by fome of my early experiments, been 
led to confider the ele&ric matter as phlogifton, or 
fomething containing phlogifton, I was endeavour¬ 
ing to revive the calx of lead with it; when I was 
furprifed to perceive a confiderable generation of 
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air. It occurred to me, that poflibly this effe£t 
might arife from the heat communicated to the red 
lead by the eleftric fparks, and therefore I imme¬ 
diately filled a fmall phial with the red lead, and 
heating it wid& a candle, l prefently expelled from 
it a quantity T^f air about four or five times the 
bulk of the lead, the air being received in a veflel 
of quickfilver. How much more air it would 
have yielded, I did not try. 

Along with the air, a fmall quantity of water 
was likewife thrown out; and it immediately oc¬ 
curred to me, that this water and air together muft 
certainly be the caufe of the addition of weight in 

the calx. It ffcill remained to examine what kind 

of air this was; but admitting water to it, I found 
that it was imbibed by it, exactly like fixed air > 
which I therefore immediately concluded it muft 

be. 

After this, I found that Mr. Lavoifier had more 
completely difeovered the fame thing. 
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SECTION XIV. 

Of Air fuppofed to be contained in Mercury . 

T^7HEN quickfilver is boiled in a glafs tube, 

» * a confiderable quantity of air is feemingly 
difcharged from it, and it has been imagined by 
fome that this air had been contained not only in 
the fpace between the quickfilver and the glafs, 
but within the pores of the quickfilver itfelf. If 
this had been the cafe, it muft have been the pro¬ 
perty of quickfilver, as of other fluids, to imbibe 
air, and therefore probably to produce a chancre 
of quality in the air which it had imbibed, or In 
that which it left unimbibed. In order to afcer- 
tain this, I boiled as much quickfilver as one of 
the largeft of my phials with ground ftoppers and 
tubes would contain, taking care to exclude all the 
air that I could get from it by the common me¬ 
thods before this operation ; and having got a fmall 
quantity, I found it to be common air only, ap¬ 
plying to it the teft of nitrous air. It was pro¬ 
bable, therefore, that this air had not been expelled 
from the body of the quickfilver itfelf, but only 
from between the quickfilver and the glafs. 
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After this, in order to try whether quickfilver, 
deprived of all air, had the power of imbibing air, 
I boiled a pretty large quantity of quickfilver, for 
near half an hour, and while it was very warm, I 
put it into a jar, and inverting it in a bafon of 
quickfilver, left a quantity of common air on the 
furface of it. This air was contracted with cold, 
but was not fenfibly affe&ed in any other manner. 
For after two days, when I perceived that the di¬ 
minution had proceeded no farther, I examined it, 
and found it to be diminifhed by nitrous air as 
much as any common air whatever. 


END OF THE SECOND VOLUME. 
































